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1.0
INTRODUCTION

11 PURPOSE AND USE OF THE OPERATIONS AND MAINTENANCE MANUAL

This manual provides the requirements and procedures for operating and maintaining the multi-phase
extraction system at Naval Air Station (NAS) Corpus Christi. It is intended to serve as the primary source
of information for operating and maintaining the system including routine operations, routine maintenance
and scheduled inspections. The information is organized in the following major topic sections:

Introduction

General Description

System Operation in Automatic Mode

Individual Well Testing

Manual Operation

Control of Air Emissions

Mass Recovery Estimate

System Operation and Maintenance

Freeze Protection

Removal of Stored Hydrocarbon and Water

System Check Sheets

Troubleshooting Guide

Attachments:

As-built Drawings/List of Components

O&M Data Forms

Orifice Plate Documentation

Standard Air Permit Exemption and Related Correspondence
Condensate Collector (T-7) and Condensate Transfer Pump
Bag Filter (F-1) .

Gauge Chart for Product Tank (T-4)

Polyethylene Vertical Storage Tanks (T-56 and T-6)
Miscellaneous Information

Nepcco Groundwater Remediation System Manual
Thermtech, Inc., Operation & Maintenance Manual
Scale Prevention and Dispersant Chemicals and Pumps

RidooNonswN
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2.0
GENERAL DESCRIPTION

The multiphase product recovery system installed at NAS Corpus Christi consists of a skid mounted Liquid
Ring Vacuum (LRV) Pump (VP-1) with a moisture separator (T-1) and seal water tank (T-2), an oil/water
separator (T-3), a product tank (T-4), a transfer tank (T-5), a storage tank (T-6), a vapor stream
condensate separator (T-7), and a thermal oxidation unit for off gas treatment. Details of equipment
mounted LRV skid, the electrical diagrams, part lists, and equipment specifications for most of the
treatment equipment are included in the Operations and Maintenance (O&M) Manual as Attachment 10,
provided by NEPCCO, the LRV equipment supplier. The same component identification numbers are
used in both the NEPCCO and AES drawings. Detailed information concerning the thermal oxidation unit
is provided in the ThermTech Operations and Maintenance Manual, Attachment 11.

The equipment is installed in an equipment compound consisting of a bermed concrete equipment pad, a
bermed storage tank pad, a thermal oxidation unit pad, and a security fence. The general equipment
tayout is shown in Attachment 1 as Figure 1. The Process Flow and Instrumentation Diagram is provided
as Figure 3. An as-built drawing of the concrete pads is shown in Figure 4.

As shown in Figure 3 of Attachment 1, groundwater, separate phase hydrocarbon, and subsurface vapor
are drawn from each vacuum well by the LRV pump (VP-1) through a bag filter (F-1) into the moisture
separator (T-1). The groundwater ana separate phase hydrocarbon are pumped from the mgicturs
separator (T-1) to the oil/water separator (T-3) by a submersible transfer pump (P-1) in T-1. From the
oil/lwater separator, the separate phase hydrocarbon passes to the product tank (T-4), where it is stored
until removal for recycling or disposal. The groundwater feeds from the oil/water separator (T-3) through
gravity flow to the water transfer tank (T-5). From T-5, the groundwater is pumped by a transfer pump (P-
2) to the water storage tank (T-6), where it is stored until it is automatically transferred to the Industrial
Wastewater Treatment Plant. Flow meter FQ-1 meters the total fluid pumped into the storage tank (T-6).
Flow meter FQ-2 measures the amount of makeup water (base water) supplied to the system.

The seal water tank (T-2) serves as a reservoir for water used as the seal for the liquid ring vacuum pump
(VP-1). When the seal water level drops too low in T-2, a solenoid valve (SV-3) opens to add water from
the groundwater storage tank (T-6). Optionally, low level in T-2 is also wired to open solenoid valve (SV-

- 2) if adding potable water to T-2 is desired. Seal water in T-2 continually flows through the adjustable flow
meter (FI/FC-2) into T-1 to draw away heat generated by the liquid ring vacuum pump. This adjustable
flow meter must be at least slightly open during operation in cold weather, and opened to at least 1.5
gallon per minute during hot weather.

Scaie prevention and dispersant chemicals are metered into the system between the transfer pump (P-2)
and the groundwater storage tank (T-8) to minimize scale in the vacuum pump (VP-1). These chemicals
are also intended to disperse algae accumulation in the system sight glasses and polyethylene storage
tanks. Information concerning these chemical additives is included in Attachment 12.

The vapor phase recovered from the well passes through the moisture separator (T-1), the liquid ring
vacuum pump (VP-1), and into the seal water tank (T-2). The vapor phase then passes through two
orifice meters (GOM-2 and GOM-3) and out through the condensate collector (T-7) to the thermal
oxidation unit. The flow rate is determined by measuring the differential pressure across the orifice
meters. Documentation for orifice meters is provided in Attachment 3. The condensate collected in T-7 is
automatically transferred to the oil/water separator (T-3) by a transfer pump (P-3).

The thermal oxidation unit uses natural gas as the auxiliary fuel. The unit is provided with a combustion
air blower, a dilution air blower, an automatic dilution air control valve, and a flame arrestor to prevent burn
back down the vapor phase piping. A chart recorder documents the thermal oxidation temperature
continuously. A Process Flow and Instrumentation Diagram of the thermal oxidation unit appears in
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Section X!I of Attachment 11. The Standard air permit exemption and related correspondence are
included in Attachment 4.

The LRV system can be operated in automatic mode or manual mode, as selected at the LRV control
panel. Manual mode is not recommended. In the automatic mode, the LRV system will draw from up to
the five motor valves, connected to eight wells one at a time. During normal operation one to three wells
will be used at a time. The system must be manually switched to change from one well to another. When
the system is operated in the automatic mode, all fail-safe shutdown alarms are in effect, including high
level alarms in the moisture separator (T-1), the seal water tank (T-2), the product tank (T-4), the water
transfer tank (T-5), the water storage tank (T-6), and the sump. If one of the above alarms is activated,
the control panel activates the automatic dial-out on the telephone modem instailed in the control panel,
notifying the selected telephone numbers with a recorded message concerning the alarm condition.
Shutdown of the thermal oxidation unit will also shut down the LRV system and activate the automatic dial-
out. In addition, if the LRV pump motor draws too much current and causes the overload relay (M621) to
trip, the system will dial out the alarm message but not shut down the thermal oxidation unit. If the liquid
level high ievel alarm is reached in the condensate coilector (T-7), it will trigger an alarm condition in the
thermal oxidation unit, shut down both the LRV system and the thermal oxidation unit, and dial out the
alarm message.

When the system is operated in the manual mode, one or more wells can be manually selected for
recovery. T hc system will recover from those wells until the settings are manually changed at the control
panel. When the system is operated in the manual mode, the fail-safe shutdown alarms on the
LRV control panel are not operable. If the thermal oxidation unit shuts down during manual
operation, the liquid ring vacuum pump must be immediately turned off manuaily to prevent
continued supply of flammable vapors into the hot incineration chamber.

21 RECOVERY WELLS

Eight recovery wells (MW-13, MW-14, MW-20, MW-21, MW-22, MW-26, MW-29, and RW-03) are
connected to the remediation system and enter the compound through five lines. The piping from the
recovery wells enters the equipment compound through a vault located in the northeast corner of the
compound which also serves as a sump for the compound. The wells are connected to an automated

. manifold which determines which well is in operation. The general site layout, including the location of the
recovery wells, is shown in Figure 2. In addition to the five lines connected to the system there are seven
additional connections in the vault for as many as seven future wells. Each of the seven future lines in the
vault extend beyond the sides of the concrete pads, and are plugged and buried for future access.

The recovery wells are equipped with a drop pipe which can extend to a depth of two feet below the
historic groundwater low level for the well. The drop pipe may be adjusted up or down as required to
maintain groundwater at a desired level. The wellhead installations are shown in Figure 5. Table 1
provides the current historic groundwater low level for each well, as weli as the most recent drop tube
setting.

2.2 LIQUID RING VACUUM PUMP

The LRV pump (VP-1) consists of a Fiuid Vac ® Model A-75 pump manufactured by Atlantic Fluidics. The
LRV pump has a 5 HP, 240 Volt, single phase motor. The LRV pump is capable of producing a vacuum of
up to 25 inches of mercury and a flow rate up to 100 cfm. Detailed information on the LRV pump is
located in Attachment 10, Section 2.
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TABLE 1
DROP TUBE SETTING LEVELS
RECOVERY WELL DEPTH TO HISTORIC LOW DEPTH TO BOTTOM OF
CORRECTED DROP TUBE ON
GROUNDWATER LEVEL* July 20, 1998*
MW-13 12.33 13.46
MW-20 12.60 14.00
Mw-21 11.44 ) 12.38
MW-26 13.75 14.75
MW-29 9.68 10.68
MW-22 ‘ 14.49 14.45
MW-14 10.85 12.84
RW-03 10.18 12.12

* Depths are from the top of the casing
23 TRANSFER PUMPS

Two transfer pumps are used for transferring liquid from one tank to another within the system. Transfer
pump, P-1, is located in the T-1 tank. P-1 is used to transfer liquid from the T-1 tank to the oil/water
separator. P-1is a submersible Total Fluids Pump Model #18G1514. The operating range of P-1 is 10.1
gpm to 20 gpm. The P-1 pump has a 1 %2 HP, 240 Volt 1 phase motor.

Transfer pump, P-2 is located near the T-5 tank. It is used to transfer water from the T-5, 550 gallon water
storage tank to the T-6, 5000 gallon water storage tank. The P-2 pump is a Myers Model 100M-1/2 with a
3 15/16 inch impeller. P-2 has a ¥ HP, 240 Volt 1 phase motor. Detailed information on P-2 pump is

- located in Attachment 10, Section 3.

Transfer pump P-6 is located within the secondary containment area surrounding T-6. It is used to
automatically transfer water from the T-6, 5000 galion water storage tank, to the water treatment system.
The P-6 pump is a Teel centrifugal pump, and has a 1/3 HP 115 Volt 1 phase motor.

24 OIL/WATER SEPARATOR

The oil/water separator, T-3, consists of a NEPCCO Petropurge Cylindrical Oil Water Separator. Model
number OP-12. The oil/water separator is designed to handle up to 12 gpm flow. The separator
separates sludge, oil and water. An inlet chamber removes gross solids and trash from the influent
stream and distributes the flow evenly throughout the separating chambers. An inlet pipe directs the flow
towards the separator bottom. An inlet sludge/diffusion baffle separates the inlet flow and directs it to the
middle of the coalescing tubes. The separator chamber consists of coalescing tubes which separates the
oil from the water. A sludge chamber collects the settleable solids which have collected on the separator
floor. Detailed information on the oil/water separator is located in Attachment 10, Section 4.
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2.5 CONTROL PANEL

The multi-phase recovery system is controlled by an Allen Bradley Programmable Logic Controller (PLC).
The control logic is described in Attachment 10, Section 1. Detailed information on the PLC is provided in
Attachment 10, Section 5.

2.6 TANKS

The multi-phase recovery system consists of seven tanks T-1 through T-7. T-1 is a moisture separator
tank. Vapor and liquid recovered from the recovery wells, enters T-1. The vapor phase recovered from
the well passes through the moisture separator (T-1), through the liquid ring vacuum pump (VP-1), and
into the seal water tank (T-2). Liquid is pumped out of the T-1 tank to the oil/water separator (T-3). Tank
T-2 is also a moisture separator and serves as a reservoir for water used as the seal for the liquid ring
vacuum pump (VP-1). When the temperature of the seal water in the seal water tank (T-2) exceeds 125
degrees Fahrenheit, or when the seal water leve! drops too low in T-2, a solenoid valve (SV-3) opens to
add water from the groundwater storage tank (T-6). Tank T-3 is the oil/water separator and is discussed
in Section 2.4. Tank T-4 is a 150 gallon product storage tank. A tank gauge chart is provided as
Attachment 7. Tank T-5 is a 550 gallon vertical polyethylene storage tank used for temporary water
storage. Additional information on the T-5 tank is provided in Attachment 8. Water gravity flows from the
oil/lwater separator to the T-5 tank. The water is then automatically pumped from the T-5 tank to the T-6
walier storage tank. The T-6 tank is a 5000 gallon vertical polyethviene tank used for water storage prior
to transferring the water to the base water treatment system. Additional information on the T-6 tank is
provided in Attachment 8. The T-7 tank is a moisture separator designed to removed entrained liquid
from the vapor stream prior to entering the thermal oxidizer. Detailed information on the T-7 tank is
provided in Attachment 5.

2.7 THERMAL OXIDIZER

The thermal oxidizer is used to treat the off-gas from the vacuum extraction system. The thermal oxidizer
consists of a Thermtech VAC-10 thermal oxidizer. The thermal oxidizer is designed to operate at 1410 °F
and to retain the heated vapors for a minimum on 1 second to ensure proper destruction. Detailed
information on the thermal oxidizer is provided in Attachment 11.

2.8  BAGFILTER

A bag filter F-1 is located between the manifold and the T-1 tank. The filter consists of a Filter Specialists
Inc. Model BFN 12. The filter is designed to remove sediments from the incoming vapor/liquid before
entering the T-1 tank. Detailed information on the filter is provided as Attachment 6.

2.9 MISCELLANEOUS COMPONENTS

Detailed information on miscellaneous components including ball valves, pressure reducing valves,
electrical wire coatings, temperature control switch, float switch for T-2 tank, gas meter, gas regulator, and
paints is included in Attachment 9.

210 SCALE PREVENTION AND DISPERSANT CHEMICALS AND PUMPS

Scale prevention and dispersant chemicals are metered into the system between the transfer pump (P-2)
and the groundwater storage tank (T-6) to minimize scale in the LRV pump (VP-1). The chemicals are
metered into the system using LMI P131-1905 metering pumps (P-4 and P-5). NALCO® 8357 is used for
scale prevention and Dynacool ® 8301-D is used as a dispersant to prevent material from adhering to
surfaces. These chemicals are also intended to disperse algae accumulation in the system sight glasses
and polyethylene storage tanks. Information concerning these chemical additives is included in
Attachment 12.
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3.0
SYSTEM OPERATION IN AUTOMATIC MODE

31 PRE-START CHECKS

Before starting the system, the operator should set the drop pipe in each of the recovery wells to the
desired depth. This is done by loosening the worm gear clamp on the Fernco fitting around the one inch
drop pipe at the top of the well casing, lowering or raising the pipe, and tightening the clamp. The gate
valve located on the side of the stick-up cover should be fully open. All motor valves should be in the
closed position as indicated by horizontal red indicator handles located on the valves.

At the manifold located in the equipment compound, the operator should ensurg i irie recovery line
from the selected recovery well is connected with a hose to ane of the motor vaives on the manifold. The
gate valves (GV-1 through 5) located below the motor operated valves (MV-1 through MV-5) must be at
least partially open, and may be used to increase or decrease the vacuum on the wells. It may be
desirable to crack the ambient air valve (GV-6 through 10) located between the gate valve and the motor
operated valve to reduce the vacuum pressure on the well. Prior to start-up, the operator should verify
that all valves are in the proper open or closed position. A detailed start-up procedure for the NEPCCO
equipment is included in Section 1 of the NEPCCO manual provided as Attachment 10.

3.2 START-UP

The following steps should be followed when starting the muiti-phase extraction system.

1. Position valves in the proper open and closed position.

2. Place control switches on the FP-1 control panel in the "auto” position. Place the motor valve

switches in auto for the motor valves that wili be operated. Leave other motor valve switches in
the off position.

3. Turn the main switch to "run". Refer to Figure 8 in the NEPCCO manual for a diagram of the
control panel.

4, Within 60 seconds, turn the thermal oxidation controls to “On” and “Low Fire”. Ensure no alarm
lights are lit on the thermal oxidation control panel.

5. _Check that the combustion air blower (B-1003) on the thermal oxidizer is operating.

8. Listen for a click that will indicate that the pilot light fuel is being added by the pilot solenoid valve
(XV-101).

7. Check for the presence of a pilot light fiame as indicated by a voltage reading on the thermal
oxidation unit control panel.

8. Check that the booster blower (B-1002) has automatically turned on when the temperature in the
oxidizer reaches 140 degrees Fahrenheit.

9. Listen for a second click indicating that the unit is ready to operate.

10. Pull the handle forward on the main natural gas solenoid (XV-104) and turn the oxidizer control

from “Low Fire” to “Run”.

11. When the thermal oxidizer reaches approximately 1360 degrees Fahrenheit, the *AL2" light will
become lit on the upper temperature control and the liquid ring vacuum pump system will
automatically turn on. The timer for the first motor valve (MV-1) on the manifold starts at this time.
The oxidizer temperature will continue to rise until it reaches 1410 degrees Fahrenheit.

12. Check the vacuum gauge (PI-1) located below MV-1 for a vacuum pressure. Adjust the ambient
air valve below the motor valve or the gate valve below the ambient valve to achieve the desired
vacuum operating range for that well.

13. Check the clear plastic tubing in the manifold, to determine if any well fluids are being recovered.
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3.3 NORMAL OPERATION

The system has been designed to recover groundwater, free phase product, dissoived phase product, and
vapors simultaneously from multiple recovery wells. In the normal operating mode, with all control panel
switches in the "auto” mode, the five motor operated valves in the well manifold will all be open. Due to
loss of vacuum across multiple wells no more than three wells are recommended to be open at a time and
depending on the field conditions, it may only be possible to operate one well at a time. The well selected
for operation should be determined during the scheduled maintenance by measuring the product level in
the wells and operating the well with the most product in it.

The butterfly valve (BFV-1) prior to the LRV pump (VP-1) can be partially closed to reduce the vacuum on
ali of the recovery wells. Optionaily, the ambient gate valve (GV-11) on top of the moisture separator (T-1)
can be slightly opened to reduce the vacuum on all of the recovery wells.

While the system is operating, the operator should check all pressure and vacuum gauges, thermometers,
flow meters and flow totalizers, and tank levels, and record the data onto the O&M Data Sheet in
Attachment 2. The operator should measure the pressure on the upstream side of each orifice meter and
the pressure differential between the two ports on each orifice meter using a digital manometer. The
vacuum pressure at the recovery well from the gauge located on the side of the stick-up cover should be
recorded. The difference between the well gauge and the manifold gauge is the pressure loss due to line
wiction. Increases in the difference between these two ganges may indicate scale buildup or bacterial
fouling in the recovery lines. A sudden drop in the well vacuum reading may indicate a parted line.
Normal operating ranges for instrument readings are provided in Table 2.

The thermal oxidation unit is programmed to operate at 1410 degrees Fahrenheit. If the stack
temperature exceeds 1570 degrees, the thermal oxidizer and the liquid ring vacuum pump will shut down
and activate the alarm dial-out. If the combustion chamber temperature falls below 1360 degrees, the
liquid ring vacuum pump will be turned off, but the thermal oxidizer will continue to operate. When the
combustion temperature again reaches 1360 degrees, the liquid ring vacuum pump will turn on again.

After recording all data, the operator should monitor the system to ensure proper operation.

Gate valves GV-12 and GV-14 are used to throttle the transfer pumps. The flow should be adjusted as
" required to control flow rates of water into the oil/water separator (T-3) and the storage tank (T-6). The
flow needs to be balanced so that the flow into any tank does not exceed the flow out of the tank. All
pressure readings from gauges PI-8 and P-9 should be recorded.

The butterfly valve (BF-2) is used to throttle the flow of recovered vapor to the thermal oxidation unit. The
pressure gauge (PI-301) before BF-2 should indicate a slight pressure on the vapor coming from the liquid
ring vacuum pump system. The pressure gauge (P1-302) after BF-2 should indicate a vacuum between 5
and 10 inches of water at all times to ensure the thermal oxidation unit can obtain enough dilution air and
not emit recovered vapor out the dilution air intake.

Storage tanks in the compound are connected to the moisture separator (T-1) by a one inch hose with a
gate valve (GV-13) located at the top of the moisture separator (T-1). It is possible to pull a slight vacuum
on the product tank (T-4), transfer tank (T-5), and the storage tank (T-6) by cracking open GV-13. The
Operator must verify that all tanks are vented to prevent collapsing the tanks. By pulling a slight
vacuum on the tanks, the buildup of vapors within the vessels is lessened.
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TABLE 2

NORMAL OPERATING RANGES FOR GAUGE READINGS

PARAMETER GAUGE NORMAL OPERATING
SYMBOL RANGE
Temperature in seal water tank (T-2) TI-1 55 - 120 degrees F
Temperature of vapor effluent stream Ti-2 80 - 120 degrees F
Vacuum pressure at recovery well (needs to be multi- - 8 - 25 inches Hg
phasing) L
Vacuum pressure at manifold Pl1-1 through 8 - 25 inches Hg
PI-5
Vacuum pressure before butterfly valve (BFV-1) PI-6 10 - 27 inches Hg
Vacuum pressure after b.utterﬂy valve (BFV-2) PI-7 10 - 27 inches Hg
Discharge pressure from moisture separator (T-1) PI-8 30 -85 psi
and transfer pump (P-1)
Discharge pressure from water transfer tank (T-5) PI-9 23 - 28 psi
and transfer pump (P-2)
Flow meter from seal water tank (T-2) to liquid ring FI/FC-1 NA
vacuum pump (VP-1)
Adjustable flow meter from seal water tank (T-2) to FUFC-2 0.5-2gpm
moisture separator (T-1)
Adjustable flow meter leading to liquid ring vacuum FI/FC-3 1.0-4.0 gpm
pump (VP-1)
Differential pressure across 2" diameter orifice meter GOM-1 NA
for air stream from moisture separator (T-1) to seal
water tank (T-2)
Differential pressure across 2" diameter orifice meter GOM-2 NA
for air effluent from seal water tank (T-2)
Differential pressure across 1" diameter orifice meter GOM-3 0.1 - 100 inches of water
for air effluent from seal water tank (T-2) when pulling from well; 150 -
160 inches of water when
pulling ambient air only
Burner temperature - 1400 - 1415 degrees F
Stack temperature - 1375 - 1405 degrees F
Differential Pressure Diluted Process Air F1-309 0.07 - 0.085 inches of water
Natural Gas Pressure PSH-106 18 - 20 inches of water
Incoming Process Air Pressure P1-301 -10 to +120 inches of water
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TABLE 2 (Continued)
NORMAL OPERATING RANGES FOR GAUGE READINGS
PARAMETER GAUGE NORMAL OPERATING
SYMBOL RANGE
Process Air Vacuum (after BF-2) PI1-302 5 - 10 inches of water
(vacuum)
Differential Pressure on Natural Gas PI-107 0.1 - 2 inches of water
Differential Pressure on Burner PDI-501 0.3 - 0.75 inches of water
Diluted Process Air Temperature TI-307 80 - 120 degrees F
FID Concentration at BF-20 - Less than 11,000 ppm
FID Concentration at stack - Less than 100 ppm

There are four valves inside or exiting the bermed area around the 5,000 gallon water storage tank (T-6).
The first, BV-9, is located on the side of the tank and may be used to empty the tank for maintenance or to
transfer recovered groundwater to a vacuum truck. The second, GV-17, is located outside the berm next
to the curb. This valve is the load valve for transferring tank contents into a truck for disposal at the
Industrial Wastewater Treatment Plant. GV-18 is located next to GV-17. This valve, in case of
catastrophic failure of T-6 may be used to drain the bermed area into a vacuum truck for disposal at the
water treatment plant. The last valve, GV-15, is located in the sump inside the equipment berm. This
valve may be opened to drain collected rain water from the storage tank berm into the sump. The control
system will automatically open MV-6 as needed to drain the collected water in the sump into and through
the treatment system.

3.4 SHUT DOWN
3.41 Emergency Shut Down

The system can be shut down in an emergency by pressing the emergency stop button located on the
thermal oxidizer panel control panel. This will shut down all systems and equipment.

3.4.2 Normal Shut Down
The following steps should be taken to shut down the system under non-emergency situations.

1. Turn all switches on the LRVP control pane! (FP-1) to the off position.
2. Press the "Emergency Stop” button on the thermal oxidizer control panel.
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4.0
INDIVIDUAL WELL TESTING

On occasion, it may be desirable to determine the recovery rates from an individual well for a given period
of time, such as a twenty four hour test. To test an individual well follow the steps listed below:

1. Turn the contro! switches for all motor valves to the "off' position except the desired well. (This
will close all the valves which are in the "off" position.)

Leave the desired well switch in the "auto" position.

Leave the VP-1 switch in the "auto” position as well.

Turn the main switch to "run”.

Check and record all gauges, tank levels, etc. before placing the wellin test mode.

aobhoN

One or more wells may be tested by placing one or more valve switches in the "auto” position.
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5.0
MANUAL OPERATION

Another operating option is to place an individual well in a continuous run mode in manual operation,
however, this is not a desirable operating mode. This may be done by placing both the switch for the
motor valve ieading to the desired recovery well and the VP-1 switch in the "hand" position. Place the
other motor valve switches in the "off" position. Ensure that the control switches for P-1 and P-2 remain in
the “auto” position. Any or all of the wells may be placed in the continuous run cycle at one time. This will
cause the system to operate outside of the normal automatic run loop. Manual operation should not be
necessary under normal circumstances. System shut down safety switches will be bypassed. Do
not leave the system unattended in the manual mode. If the thermal oxidation unit shuts down,
the liquid ring vacuum pump must immediately be manually turned off.
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6.0
CONTROL OF AIR EMISSIONS

The system must be operated in accordance with Standard Exemptions 68, 88, and 118 authorized by the
Texas Natural Resource Conservation Commission (TNRCC) in 30 TAC Section 116.211. Copies of the
correspondence from the TNRCC concerning this site and Standard Exemptions 68 and 118 are provided
in Attachment 4. Maximum allowable emissions as stated in the exemptions or calculated from site
conditions are provided in Table 3. Calculations for the allowable benzene emission rate is based on a
distance of 400 feet to the nearest receptor (admiral’s residence).

TABLE 3
MAXIMUM ALLOWABLE EMISSION RATES
Parameter Maximum allowable emission rate
Total Petroleum Hydrbcarbons (TPH) 1.0 Ib/hr
Benzene 0.029 Ib/hr

A thermal oxidation unit is used to burn the recovered vapors before discharge to the atmosphere. On
each weekly site visit, the operator should use a Flame lonization Detection (FID) meter to check the
stack effluent. The oxidation unit qualifies under the standard exemptions if it continues to operate with a
combustion temperature greater than 1400 degrees Fahrenheit. The destruction efficiency must be
greater than or equal to 97.5%, and the incoming recovered vapor concentration should not be greater
than 110,000 parts per million of total petroleum hydrocarbon (TPH). A chart recorder continuously
records the combustion temperature.

If the recovered vapor concentration is greater than 110,000 parts per million of TPH, the butterfly valve
(BFV-1) before the air-water separator (T-1) can be closed slightly, or the ambient valve (GV-11) on top of
the moisture separator (T-1) can be opened slightly, to reduce the vacuum induced on the recovery wells.
- If only one well is yielding high concentrations, the vacuum induced on that well only may be reduced by
slightly opening the ambient gate valve beneath the motor valve for that well on the manifold, or by
partially closing the gate valve below the ambient vaive on the manifold.

Optionally, the concentration of the recovered vapor can be reduced by raising the drop pipe in the well
above the water table. Once vapor concentration is reduced over time, the drop pipe may be lowered
back to the historic groundwater low level for that well to maximize multi phase recovery.

The concentration of the effluent vapor should be monitored as described in Section 8.0.

Air emissions compliance should be documented monthly on the Form TV10 Thermal Oxidizer Report
included in Attachment 2.
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7.0
MASS RECOVERY ESTIMATES

Mass recovery estimates may be made from individual well test data by collecting samples and recording
recovery rate data. Total mass recovery is the sum of the recovery in each of the three phases: free
product, dissolved phase in the groundwater, and vapor phase. During a well test, the amount of free
product recovered can be determined by measuring the product in the product storage tank (T-4) before
and after the test. The levels should be measured using a yardstick and color change paste.

The amount of dissolved phase recovered can be determined by muitiplying the amount of groundwater
recovered by the concentration of total petroleum hydrocarbons (TPH) in the water. A sample of
recovered groundwater can be collected from the sample port (SP-7) between the groundwater transfer
pump (P-2) and the groundwater storage tank (T-6). The quantity of groundwater recovered from the well
can be determined by measuring change in water level in the water transfer tank (T-5) and addmg it to the
change in water level in the water storage tank (T-6) during the well test.

The amount of vapor phase recovered can likewise be determined by multiplying the flow rate of the vapor
phase effluent by the concentration of TPH in the vapor phase. During the well test, a vapor sample may
be collected from one of the ports on GOM-2 using a summa canister. In order to determine the vapor
flow rate, record the differential pressure using a digital manometer at the 1" diameter orifice plate (GOM-
3) located between the seal water tank (T-2) and the condensate recovery tank (T-7). Also record the
temperature from the temperature probe adjacent to the orifice plate (T1-2) and the vapor stream pressure
upstream of the orifice plate using the digital manometer. Using the table for the orifice plate (Eclipse
model #SBO-X-1) provided in Attachment 3 and adjusting for the pressure and temperature using the
equation in Attachment 3, vapor flow rate can be estimated.

Alternatively, the amount of vapor phase recovery can be determined by collecting a vapor sample of the
diluted process vapor stream from BV-20 on the thermal oxidation unit using a summa canister. Record
the differential pressure on the diluted process air (FI-309) on the thermal oxidizer. Also record the
temperature from the temperature probe adjacent to BV-20 (T1-307).

A rough estimate of the vapor phase recovery rate for a well can be calcuiated by substituting an FID

- reading from a port on GOM-2 or from BV-20 for the TPH concentration determined by an analytical
laboratory. This calculation can be done either during an individual well test or during normal operation of
the system.
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8.0
PREVENTATIVE MAINTENANCE

8.1 WEEKLY OPERATION AND MAINTENANCE REQUIREMENTS

The following maintenance procedures should be performed on a weekly basis. Forms provided in
Attachment 2 should be used to record data and tasks performed. All forms should be maintained by the
operator or submitted to designated Navy personnel.

1. Inspect the compound for general appearance. Keep garbage removed from the compound. If
necessary, place a garbage container inside the fence for garbage collection and empty on a
regular basis.

2. Upon entering the compound, check the control panel for any system shutdown conditions as
indicated by the various indicator lights. If the unit is down, check the system to determine the
cause of the shutdown and repair or replace parts not working properly. If the storage tank is full
make arrangements to have the tank emptied before attempting to restart the system. A
troubleshooting guide for the equipment is provided in Section 7 of the NEPCCO Manual provided
in Attachment 10. Additional trouble-shooting guidance is provided in Table 11-1 in Section 11 of
this manual.

3. Inspect compound for water within the bermed areas. If water has collected within the equipment
berm, check MV-6 in the sump below the manifold for proper working order. If rain water has
collected in the secondary containment around the water storage tank (T-6), open the 4" diameter
gate valve (GV-15) in the sump to drain.

4, Check the operation of pumps and motors (P-1 and P-2) by moving the appropriate switch on the
control panel to the "hand" position. The motor in question should turn on. If not, check the
NEPCCO Manual in Attachment 10 for troubleshooting guidance (Section 7) or for replacement
parts {Section 3) as required. If the motors are working properly, be sure to return switches on
the contro! panel to the "auto” position before leaving the compound.

- 5. -‘Record tank levels, meter readings, and other information in top portion of Weekly O&M Data
Sheet.
6. Shut LRV system off, clean the water strainer, clean/replace the bag filter, and change

temperature chart recorder on oxidizer. Clean sludge from surface of oil/water separator and
spray coalescing unit with water.

7. Restart LRV system on MV-1; record:
Appearance of water in manifold sight glass
T-2 water temperature
manifold vacuum pressure
PI1-6
PI-7
GOM-3 pressure
Ti-2 vapor stream temperature

8. Connect calibrated FID to stack sampling port without dilution probe or y-tube. Record
concentration of stack gas.

9. Connect FID to BV-20 on oxidizer with dilution probe and y-tube and open BV-20.
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10. Record other temperature and pressure readings on oxidizer.

1. Record FID reading from BV-20 and disconnect FID after closing BV-20.

12. If GOM-3 pressure was negative, close butterfly valve BF-2 on oxidizer one notch to achieve
positive pressure. BE SURE TO RETURN THIS VALVE TO ITS ORIGINAL SETTING BEFORE
DEPARTING SITE.

13. If pressure at GOM-3 is still not positive, open ball vaive BV-13 slightly to relieve the vacuum

caused by the dilution blower until pressure at GOM-3 is positive. BE SURE TO CLOSE BV-13
BEFORE DEPARTING SITE.

14, Connect FID with dilution probe and y-tube to GOM-2. Record range of concentration measured.
15. Record differential pressure across GOM-3. Close BV-13.

16. Observe condition of well piping and record appearance of water at well and well vacuum
pressure. BE SURE THAT OXIDIZER IS OPERATING WITH A STABLE TEMPERATURE
BEFORE LEAVING EQUIPMENT COMPOUND TO INSPECT WELL.

17. Switch LRV system to the next motor valvc and repeat steps 3 through 12 unti all wells have
been monitored.

NOTE: IF OPERATING THE SYSTEM ON MANUAL, IMMEDIATELY SHUT OFF LRV SYSTEM IF THE
OXIDIZER SHUTS DOWN.

8.2 MONTHLY OPERATION AND MAINTENANCE REQUIREMENTS
The following maintenance procedures should be performed on a monthly basis:

1. Coliect a vapor effluent sample from GOM-2 or from BV-20 during recovery from each of the
recovery wells. Forward samples to the laboratory for analysis for BTEX (EPA Method
..5030/8020) and TPH (EPA Method 8015A). Use these concentrations to estimate product
recovery in the vapor phase and to adjust vacuum settings to maximize product recovery while
staying below the allowable air emission limits.

2. Collect a vapor sample from the thermal oxidation unit stack and forward the sample to the
laboratory for analysis for BTEX (EPA Method 5030/8020) and TPH (EPA Method 8015A). Use
this concentration to confirm the destruction efficiency of the thermal oxidizer.

3. Perform monthly maintenance on the transfer pumps (P-1 and P-2), the liquid ring vacuum pump
(VP-1), and the thermal oxidation unit, and clean the oil/water separator (T-3), as outlined on the
checklists provided in Attachment 2.

4. Check contact switches in the vault/sump for corrosion or bio-fouling. Clean the contact probes
when needed.

5. Check all metal surfaces for exposed or rusted metal. Apply “Extend” rust treatment
manufactured by Loctite Corporation, Ospho, or a similar rust treatment to rusting areas or
thoroughly clean the area with sand paper or steel wool. Apply primer if needed and paint LRV
system equipment with Rustoleum 2125 Deep Blue (spray can}, which conforms to Rustoleum
0721 National Blue Industrial Enamel. Touch up thermal oxidizer with Ameron Amercoat 385 gray
multi-purpose epoxy paint, and the natural gas piping with Ameron Amerlock 400 yellow high-
solids epoxy coating.
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8.3 PERIODIC OPERATIONS AND MAINTENANCE
The following maintenance procedures should be performed on a quarterly or as needed basis:

1. Maintain a log of the quantity of water transferred from the water storage tank (T-6) to the
Industrial Wastewater Treatment Plant and product removed from the product storage tank (T-4).
Use the log forms provided in Attachment 2.

2. Maintain a log indicating the recovery well that is connected to each motor valve, and the level of
the drop tube in each recovery well. Use the recovery well status form provided in Attachment 2.

3. Check the operation of high level alarms by taking manual controtl of transfer pumps. The system
should shut down and appropriate warning lights should activate including the beacon on top of
the control panel. Reset the panel and return all switches to their normal "auto" position.

4, Collect a recovered groundwater sampie from sample port SP-7 between the transfer pump (P-2)
and the groundwater storage tank (T-6). Forward to the analytical laboratory for analysis for TPH
(EPA Method 8015) and Volatile Organics (SW-846 Method 8240). Use the results to calculate
mass recovery in the dissolved phase.

5. Skim product/water emulsion off the surface of the water in thc water transfer tank (T-5).

6. Repaint the entire equipment skid and other painted metal surfaces on an annual basis or as
needed.

7. Inspect PVC piping for deterioration, scaling, and biofouling. The ciear tubing in the valve

manifold may cloud up. This may be cleaned by unscrewing the top unions of the motor valves
and removing the top section of the manifold enabling the technician to reach the clear pipe
sections for cleaning. In extreme cases, the clear sections may require replacement.

8.4 FREEZE PROTECTION PROCEDURE

In the event that a hard freeze is expected, the following procedure should be followed to freeze protect
the unit.

1. Turn off unit by turning the “Run” switch to the “off” position.

2, Shut off the circuit breakers in the control panel.

3. Drain the liquid ring vacuum pump (VP-1) by removing the brass plug on the bottom of the pump.
4. Drain transfer pump P-2 by removing the pipe plug in the bottom of the casing.

5. Open manifold valves GV-6 through GV-10.

6. Remove sediment filter and strainer YS-1 to drain piping. Reinstall filter and strainer.

7. Close BV-7 and open BV-13 to drain the line between the oil/water separator (T-3) and the water

transfer tank (T-5).

8. Close BV-8 and open BV-14 to drain the line between the water transfer tank (T-5) and the water
storage tank (T-6).
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9. Drain the make-up water line by closing the water supply valve on the hose bib and opening the
faucet.

10. Ensure BV-9 is closed and open GV-17, GV-18, and GV-15 to drain 4" diameter PVC lines from
the water storage tank (T-6) and the containment area. Drain return water line from T-6 to the
liquid ring vacuum pump by opening BV-24 after closing GV-16.

Before restarting the unit, ensure that all valves are in the correct operating position and all plugs are
reinstalled onto the bottom of the pumps. Refer to the Monthly Maintenance checklist in Attachment 2 to
determine normal operating position of valves.

8.5 SYSTEM INSPECTION CHECK SHEETS

The following system check sheets are provided in Attachment 2 for use during the following operations
and maintenance events:

Weekly O&M visits

Monthly O&M visits

Quarterly O&M visits

Semi-annual O&M visits

Annual O&M visits

Recovery well status updates: includes record of recovery well attached to each motor valve and
setting of the drop tube in each well

. Log form for transfer of product out of T-4 and water out of T-6
. Telephone alarm dial-out log form

. Unscheduled site visit form

. Sample collection documentation

8.6 CALIBRATION STANDARD PROCEDURE FOR FID

The operator must follow the calibration steps listed below when using the Fiame lonization Detector
(FID)/Organic Vapor Meter (ThermoEnvironmental Model 680) with 10:1 Dilution Probe.

1. Ensure FID battery and hydrogen tank are fully charged.

2. Turn on meter and open hydrogen valve.

3. Allow FID to warm up for approximately ten to fifteen minutes.

4, Ensure response factor is 1.0. Initiate calibration mode on FID. Set FID to calibrate to 50 ppm
and 950 ppm. Attach granulated carbon canister to FID intake for zero concentration gas.

5. Remove granulated carbon canister and attach 10:1 dilution probe. Connect 500 ppm methane

calibration gas for low span calibration gas.
6. Connect 9500 ppm methane calibration gas for high span calibration gas.
7. Exit calibration mode. Recheck calibration using the two calibration gases.
8 Repeat calibration procedure until calibration is correct.

8.7 CALIBRATION PROCEDURE FOR DIGITAL MANOMETER (DWYER SERIES 475 MARK lll)
The operator must follow the calibration steps listed below when using the digital manometer (Dwyer

Series 475 Mark |11). For other manometers, the operator should follow manufacturer recommendations
for calibration.

1. Use the silver knob on top of the manometer to zero the readout. The manometer should not be
connected to anything at the time.

NAS Corpus Christi
Operations and Maintenance Manual 8-4 08/12/98



9.0
REMOVAL OF STORED HYDROCARBON AND WATER

The separate phase hydrocarbon and the water must be removed periodically from the product storage
tank (T-4) to avoid overfilling of the tanks. To empty the product tank (T-4), the vent may be removed and
a one or two inch diameter drop tube inserted into the tank to vacuum out the contents. If water is
present in the product tank it can be pumped back into the oil/water separator for reprocessing. If the
automatic discharge on the T-6 tank fails, the water can be drained by using a vacuum truck. Do not drain
T-6 below the 2000 gallon level so that a sufficient seal water supply is maintained.
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10.0

TROUBLESHOOTING GUIDE

Table 4 is a trouble shooting guide for diagnosing common problems, additional trouble shooting can be

found in Attachments 10 and 11.

TABLE 4

WATER TREATMENT SYSTEM TROUBLE SHOOTING GUIDE

CONDITION

PROBABLE CAUSE

REMEDY

LSHH-1 alarm - High level in
T-1 tank (slow flash)

1. Level switch failure

2. Pump P-1 failure

3. Blockage in the line from
T-1to T-3

1. Clean and inspect level
switch.

2. Check pump operation in
manual mode. Drain tank and
remove pump and inspect,
replace damaged parts.
Check for piping connection to
P-1. Check for sediment in
the tank. j
3. Clean line. Check blockage !
points, i.e. valves and gauges.

LSHH-1 alarm - thermal
oxidizer failure (fast flash)

Thermal oxidizer shut down

Check alarm faults on oxidizer
panel. See Attachment 11 for
oxidizer trouble shooting
guide. Thermal oxidizer
alarms are summarized
below.

Thermal oxidizer high
temperature alarm

High concentration of vapors
entering the oxidizer.

Restart system and throttle
the air flow to the system
using GV-1 through GV-5 to
control the air flow until the
system is up to temperature.
Adjust the vacuum on the well
that caused the problem,
reducing the vacuum slightly.

Thermal oxidizer power failure

Power outage

Restart system after power is
restored.

Thermal oxidizer low gas
pressure

Gas supply pressure
fluctuation

Check with the base to
confirm gas pressure. Restart
system.

Thermal oxidizer process
blower failure

Process blower not functioning
properly

_details

Inspect blower. Refer to
equipment manual in
Attachment 11 for blower
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TABLE 4 (Continued)

WATER TREATMENT SYSTEM TROUBLE SHOOTING GUIDE

CONDITION

PROBABLE CAUSE

REMEDY

LSHH-2 alarm
Tank T-2 high level Alarm
(Slow flash)

1. Level switch malfunction in
the T-2 tank.
2. Solenoid valve malfunction

1. Inspect and clean the level
switch.

2. Check operation of solenoid
valves.

LSHH-2 alarm (fast flash) The
circuit breaker on the LRVP
tripped.

Scaling in the pump or too high
of water flow for the vacuum
conditions.

Refer to Attachment 10
Section 2. Clean the scale or
adjust the flow rate. Check
the operating amps on the
pump after cleaning. Check
sequestering chemical supply
system.

High level alarm LSHH-3, high
level in product tank T-4

1. The product tank is full of
water.

2. The product tank is full of
product.

1. If the product tank is filling
with water, the oil/water
separator may not be working
properly. Clean the oil/water
separator.

2. The product tank is full,
make arrangements to empty
the tank.

High level alarm LSHH-4, high
level in water tank T-5

1. Level switch malfunction in
the T-5 tank.

2. Transfer pump P-2 is not
operating properly.

3. Line is blocked

1. Check and clean level
switch.

2. Check switch, make sure it
is in auto position. Check
pump for proper operation.

3. Check line for blockage
including valve position.

High level alarm LSHH-5, high
level in water tank T-6

1. Level switch malfunction in
the T-6 tank.

2. Transfer pump P-6 is not
operating properly.

3. Line is blocked

1. Check and clean level
switch

2. Check switch, make sure it
is in auto position. Check
pump for proper operation.

3. Check line for blockage

including valve position. |
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11.0
HEALTH AND SAFETY

111 RISK

O&M activities are assessed as low risk. The potential for chemical and biologicai exposures of any
significance by any route of entry is considered low as long as personnel foliow: (1) approved start-up and
shut-down procedures during operations as documented in this O&M Manual, and guidelines listed in
each of the vendor equipment technical specifications during routine maintenance and service; (2) always
assess energy control requirements and verify zero energy state prior o opening any part of the system
for maintenance; and (3) upgrade Personal Protective Equipment (PPE) from Level D to Modified Level D
for selected tasks to include groundwater sampling; handling scale prevention and dispersant chemicals;
skimming product/water emulsion in water transfer tank; and during hookups for removal of stored
hydrocarbon and water from T-4 and T-6.

11.2  PHYSICAL HAZARDS

Other physical hazards inciude pressurized liquid in pressure filter vessels; flame arrester weight; and
general slips, trips and falls.

11.3 HOUSEKEEPING

Good housekeeping should be maintained at all times at this facility. Non-essential storage is not
permitted in or around the processing unit. No smoking, eating, chewing or drinking is permitted at this
facility. All valve indication tags, pipe labeling and tank/container markings should be maintained intact
and ciean.

11.4 TRAINING

All O&M personnel are required to receive site-specific training prior to entering the site or the
commencement of work. Topics to be covered include site and work overview; general safety rules and
procedures; hazard communication; first aid and medical responsibilities; emergency response and

contingency planning; safety and health hazards present on site and anticipated during O&M work; PPE
" requirements; safe work practices; engineering controls; decontamination procedures; spill containment
plan; and energy control.

All O&M personnel are required to be 24-hour OSHA HAZWOPER trained per 29 CFR 1910.120(e). All
operations and maintenance personnel are required to be covered under a medical surveillance program
as described in Section 11.9. All personnel required to classify, mark, select packaging, inspect, load and
transport hazardous materials are required to be trained to 49 CFR 172 Subpart H. Copies of all training
records should be available for review.

11.5 PERSONAL PROTECTIVE EQUIPMENT (PPE)

As a minimum, all O&M personnel are required to wear leather work boots and safety glasses with side
shields and have available leather work gloves. In addition, hardhats are required when bump protection is
necessary such as servicing system components near transfer lines. This clothing ensemble is referred to
as Level D PPE.

Level D work clothing is required to provide protection for arms, legs, and feet from cuts and abrasions.
Full tength slacks (no holes permitted) are required. No loose fitting clothing, sleeveless clothing, tank
tops, bare stomach clothing, or sweatpants are permitted. Shirts are required to be long enough to be
tucked in. As a minimum, T-shirts are required to have a three inch sleeve.
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PPE requirements for system monitoring and the majority of the scheduled maintenance tasks can be
completed in Level D. For groundwater sampling, modify the Level D PPE to include the addition of
disposable latex or equivalent gloves. In addition, use disposable rubber or nitrile gloves when replacing
filter bags and/or cartridges and when making connections to pump-down T-4 and T-6.

Modified Level D PPE is also required when working with the scale prevention and dispersant chemicals,
NALCO 8357 and DYNACOOL 8301-D. This modification includes rubber gloves, indirect venting
chemical goggles, and rubber apron.

When servicing the pressure filter vessels, follow the cautions and warnings listed in the vendor data
found in Attachment 6. Always wear a full face shield when disconnecting system components until zero
energy state for process fluids has been confirmed.

The O&M personnel are required to have available, when working on site, one 10 Ib multi-purpose ABC
fire extinguisher complying with National Fire Protection Association (NFPA) 10 with a minimum rating of
4A:60B:C; first aid kit; and one personal eyewash station complying with American National Standards
Institute (ANSI) Z358.1-1990.- When working with scale prevention and dispersant chemicals, the O&M
personnel are required to have available at the worksite one eyewash/drench, minimal 10 gallon capacity
complying with ANS| Z358.1-1990.

11.6  ACTWVITY HAZARDS ANALYSIS (AHA)

Activity Hazards Analysis (AHA) worksheets have been prepared for each major O&M task and are
attached as Table 5. Each activity should be reviewed by field supervision or the O&M technicians prior to
starting work to determine if the prepared AHA adequately addresses the planned activity. If the prepared
AHA requires revision or a new task is identified, additional hazard analysis should be prepared as
needed.

11.7 HAZARD COMMUNICATION

All personnel are required to complete hazard communication as part of the site-specific training pursuant
to 29 CFR 1910.1200 regarding all hazardous chemicals to which they may be potentially exposed. When
new chemicals are introduced into the workplace to support work completion, the Job Supervisor is

- responsible for reviewing the Material Safety Data Sheets (MSDS), identifying training needs for affected
personnel; arranging for and completing this training for affected workers, and transmitting a copy of the
MSDS(s) to the designated personnel. One set of MSDS is required to be maintained at the work site as
part of this O&M Manual. Refer to Attachment 11 and 12.

11.8 ACCIDENT/INCIDENT REPORTING

All accidents, and incidents are required to be promptly reported to the Job Supervisor and a written report
is required to be provided to the Contracting Authority and/or Owner within 24 hours of the incident. Ata
minimum, the Job Supervisor is required to prepare a memo describing the incident including: injuries;
equipment damage and/or property damage; how the incident was managed; and corrective action.
Attachments to this memo should include the following where applicable: a) employer's first report of injury
form; b) Supervisor's Accident Investigation Report form or OSHA Supplemental 101 Form; c) Contractor
Significant Incident Report (CSIR) for equipment damage greater than $1000.00 ; d) Any records provided
by the medical service provider to include emergency room report, examining physicians designation of
work restriction, and examining physician's work release. The Job Supervisor should verbally advise the
Contracting Authority and/or Owner of all first aid cases as soon as possible. The O&M Contractor is
required to maintain a first aid log sheet listing at a minimum, affected person, treatment, and date.
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11.9 MEDICAL SURVEILLANCE PROGRAM

All O&M personnel are required to participate in a Medical Surveillance Program as described in 29
CFR 1910.120 (f). The Medical Surveillance Program consists of a baseline or initial examination, an
annual medical examination, a termination examination, and episodic medical examination as necessary.
No additional medical surveillance requirements or biological monitoring beyond what is specified in the
OSHA regulation are necessary at this time. The examining physician's medical clearance forms which
state the employee's ability to work with hazardous materials and use respiratory protection are to be
available for review prior to beginning work.

11.10 EMERGENCY PHONE NUMBERS

The O&M Contractor is required to post emergency phone numbers when working at this site and be
cognizant of the location of the nearest emergency communications equipment. The facilities’ on site
emergency response number is 911, or 512-939-2424 Ambulance, or 512-939-3333 Fire. The on-site
O&M Contractor personnel should verify and test the emergency phone number if the primary
communication method will be a celiular phone.

11.11 ENERGY CONTROL PLAN

The Energy Control Plan (Lockout/Tagout) for this subject facility is described in the following
paragraphs. The O&M Contractor is required to provide all necessary locks and tags and compiete and
verify zero energy state prior to servicing components requiring energy control. Components requiring
energy control and verification of zero energy state prior to servicing include the following: 1) all pumps; 2)
all filters; 3) motor assisted valves; 4) FSI Filter Housing (lockout and tagout power supply to pumps and
verify no internal pressure; and 5) Thermal Oxidizer. The natural gas supply to the Thermal Oxidizer is
also required to be lockout/tagout during major servicing or as specified in vendor data.

A local disconnect switch for incoming electrical power to the treatment system is located on the main

transformer adjacent to the equipment pad. Release of pressurized fluid energy should be completed

prior to servicing FSI Filter Housing and prior to disconnecting of process piping. The FSI Filter Housing

can be drained at local sampling port. Process piping can be drained back to the welis or at local sample
ports.

NAS Corpus Christi
Operations and Maintenance Manual 11-3 08/12/98



TABLE 5
ACTIVITY HAZARD ANALYSIS (AHA)

Activity: Start-up Testing of Facility

Analyzed By/Date: Reviewed By/Date:

Frank J. Petrik 8/29/97

1.1 Pressure testing of influent
and effluent piping; -
instrumentation checks; prime
mover checks; and flow system.

1.1a. Struck by and struck against
physical objects during checkout
including ergonomic. Slips, trips and
falls.

1.1b. Electrical and mechanical
energy.

1.1¢. Contact by inhalation, direct
contact or ingestion of chemical
and/or biological contaminants.

1.1a. Contractor shall be cognizant of emergency communication
equipment and emergency protocol. Always use correct hand and
power tools for the job and maintain good housekeeping practices.
Use approved ladders and placement methods when working from
heights and 100% fall protection for elevated work over 6 foot.
insure safe lifting and handling procedures. Use proper lifting
techniques and mechanize where possible.

1.1b. Perform energy control per O&M manual and vendor supplied
data. '

1.1c. Level D PPE anticipated for majority of tasks. Upgrade to
Modified Level D where contact with contaminated groundwater is
possible and when handling water treatment chemicals. Use
chemical resistant gloves when making connections to pump-down
tanks. Use good hygiene practices including washing hands with
soap and water after working at the site.

First aid kit, eyewash, fire extinguisher, spill pads available, and
emergency communications identified. No smoking, eating, or
drinking is permitted at the treatment facility.

1.4 Handtools, instruments and
pressure pump.

Daily, prior to use per
manufacturer's recommendation.

OSHA 1910.120 twenty four hour training and site specific.

NAS Corpus Christi
Operations and Maintenance Manual
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TABLE 5 (Continued)
ACTIVITY HAZARD ANALYSIS (AHA)

Activity: Operation and System Monitoring Analyzed By/Date: Reviewed By/Date:
Frank J. Petrik 8/29/97

— o———

2.1. Complete valve line-ups, Struck by and struck against Use correct hand tools if necessary for job and maintain good
start-up system, inspect system, | physical objects. Slip, trips and falls. | housekeeping practices. Level D PPE anticipated for majority of
check water levels and monitor tasks. »
flow rates. Contact by inhalation, direct contact
or ingestion of chemical and Walk facility down, inspect all components for integrity and evidence
biological contaminants. of leaks in system, initiate repair where necessary or shut system

down. Use good hygiene practices including washing hands with
soap and wa'er after working at the site.

First aid kit, eyewash, fire extinguisher, and spill pads available, and
emergency communications identified. No smoking, eating, or
drinking is permitted at the treatment facility.

2.5 Handtools and instrumente. Pre-operational as required in O&M | OSHA 1910.120 twenty four hour training and site specific. II
Manual.

NAS Corpus Christi

Operations and Maintenance Manual 11-5 08/12/98



TABLE 5 (Continued)

Activity: System Service and Maintenance

ACTIVITY HAZARD ANALYSIS (AHA)

Analyzed By/Date:
Frank J. Petrik 8/29/97

Reviewed By/Date:

3.1 Refer to preventive Electrical and mechanical energy.

maintenance schedule.

or ingestion of chemical and
biological contaminants.

Contact by inhalation, direct contact

Complete energy control per O&M Manual and vendor supplied
data. No hot work without permit.

Level D PPE anticipated for most tasks. Upgrade to Modified Level
D if contact with chemical agents and wastewater possible and for
those tasks listed in the Health and Safety section of O&M Manual.
Review all MSDS Sheets for chemicals prior to use. Visually inspect
area and equipment for evidence of chemical/biological
contaminants.

Preplan all lifts. Use approved ladders and placement methods
when working from heights. Insure safe lifting and handling
procedures. Use proper lifting technigues and mechanize where
possible.

Use good hygiene practices including washing hands with soap and
water after working at the site. First aid kit, eyewash, fire
extinguisher, and spill pads available, and emergency
communications identified. No smoking, eating, or drinking is
permitted at the treatment facility.

3.4 Handtools, cleaning
solutions, oil and greases

Before use per manufacturer's data.

OSHA 1910.120 twenty four hour training and site specific.

NAS Corpus Christi
Operations and Maintenance Manual
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TABLE 5 (Continued)

ACTIVITY HAZARD ANALYSIS (AHA)

Activity: Sampling and Waste Management

Analyzed By/Date:
Frank J. Petrik 8/29/97

Reviewed By/Date:

4.1 Obtain effluent water
samples.

4.2 Obtain vapor emissions
samples.

4.3 Replace sediment filters.
Inspect and clean Hi-Hi probe in
product storage tank. Clean
oil/'water separator.

4.1 Direct contact with non potable
water.

4.2 Direct contact with liquid blow by
and inhalation of vapors.

4.3 Direct contact with sludge
material (chemical and biological
hazard).

41 LevelD PPE- Wear disposable latex gloves. Use approved
sampling container. Use tublng to connect to sample port, fasten if
necessary per procedure.’

4.2 Level D PPE, wear disposable latex gloves. Do not stand in
direct line with vent discharge line. Sample per procedure.

4.3 Level D PPE, Wear disposable nitrile gloves or equivalent. Use
approved containers. Conduct FID scans prior to removing
equipment if conditions warrant. Complete energy control. Open up
and allow oil/water separator to vent prior to cleaning. Preplan
transport of waste material and insure container is properly labeled.

Use good hygiene practices including washing hands with soap and
water after working at the site. First aid kit, eyewash, fire
extinguisher, and spill pads available, and emergency
communications identified. No smoking, eating, or drinking is
permitted at the treatment facility.

e et

4.4 Handtools, cleaning
equipment, and sampling
containers.

Prior to use per manufacturer's
recommendation.

OSHA 1910.120 twenty four hour training and site specific. DOT
181 training for person supervnsmg shipment of samples and
collected product.

NAS Corpus Christi
Operations and Maintenance Manual
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OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

COMPONENTS LIST

These items have been provided in addition to the items listed in Section 1 of the NEPCCO
Groundwater Remediation System Manual (Attachment 10) and the items listed in Section XI of
the ThermTech manual (Attachment 11).

P&ID LABEL DESCRIPTION & SPECIFICATIONS MODEL NUMBER
FQ-2 Make-up water flow totalizer, 3/4" diameter
LSL/LSH-5 Differential level switch in T-2 Nohken Model FQ-6
GOM-2 Gas Orifice Meter, 2" Eclipse SBO-448
GOM-3 Gas Orifice Meter, 1" Eclipse SBO-X-1
TI-1 Temperature indicator on T-2
TI-2 Temperature indicator on vapor effluent line
T-7 Condensate collector/ moisture separator for
vapor effluent, 20 gallon
SP-8 No longer in use
SP-9 No longer in use
SP-10 Sample port with ball valve on vapor bypass to
atmosphere
BV-10, BV-11, Ball valves on drain lines, 0.5"
BV-24
BV-9 Ball valve on T-6, 4" PVC
BV-12 Ball valve, 1", on T-7 condensate drain
BV-13 Ball valve, 2" PVC, vapor bypass from T-7 to
atmosphere
Applied Earth Sciences, Inc. Page 1 of 3 August 1997



OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216
NAS CORPUS CHRISTI, TEXAS

P&ID LABEL DESCRIPTION & SPECIFICATIONS MODEL NUMBER
GV-15 Gate valve in sump from T-6 secondary
containment, 4"
F-1 Bag filter, stainless steel ‘ Filter Specialists Inc.
Model BFNP-12-6-
304-2

Filter bags, 100 micron, nylon monofilament mesh FSI NMO-100-P2P

BV-22 Ball valve, 2" PVC, on suction line from sump
BV-23 Ball valve, 2" PVC, on SV-1 ambient intake
BV-25 Ball valve, 0.5", on T-6 sight glass
CV-5 Check valve, 2" PVC, before GOM-1
FI/FC-3 Adjustable flow indicator prior to LRV pump, Ratemaster RMC-143-
range 0.4 - 4 gpm, with brass valve \ BV
GV-16, GV-17, Gate valves, 4", leading from T-6 or T-6
GV-18 containment
GV-19 Gate valve, 1", for natural gas supply
GV-20 Gate valve, 2", for base water supply
SV-3 Solenoid valve, 1", normally closed, for seal water
from T-6 to LRV pump
SV-4 Solenoid valve, 1", normally open, for seal water
from T-2 to LRV pump
Cv-4 Check valve, 1" PVC, before SV-3
LSL-6, LSH-6, Float switches in T-7
LSHH-7

Applied Earth Sciences, Inc. Page 2 of 3 August 1997



OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216
NAS CORPUS CHRISTI, TEXAS

P&ID LABEL DESCRIPTION & SPECIFICATIONS MODEL NUMBER

P-3 Positive displacement pump for condensate drain PROCON Series 4
in T-7, bolt-on with NEMA 56C frame motor,
brass body

P-4, P-5 Chemical metering pumps for scale inhibitor and Pulsafeeder P01200
dispersant chemicals
CV-6 Check valve, 1", after P-3
GLV-1 Globe valve, 1", after P-3

Applied Earth Sciences, Inc. : Page 3 of 3 August 1997



OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

ATTACHMENT 2

O&M DATA FORMS

Applied Earth Sciences, Inc.

August 1997



Telephone Alarm Log

Hydrocarbon Recovery System

NAS Corpus Christi - Fuel Farm 216

Week of Telephone Log
Date | Time Person Person Date Time Time spent Action taken
taking call responding to arrived | arrived on on site '
site on site site (hours)

G:\CLIENTS\MKCORP\O&M\PHONELOG.WP6

Page of




Unscheduled Site Visit
Hydrocarbon Recovery System
NAS Corpus Christi - Fuel Farm 216

Date

Time on site

Personnel on site

Status of system

Cause of shut
down/reason for
visit

Action taken

Additional items
needing action

Time departed site

Status of system

G:\CLIENTSWMKCORP\O&M\UNSKED.WP6 Page of



WEEKLY CONTROL PANEL REPORTING FORM

MULTI PHASE EXTRACTION SYSTEM

Initial Final Status
Status (If changed)
LRV System Operation Off On Off On
Thermal Oxidizer Operation Off On Off On
LRV Off / Run switch position Off Run Off Run
MV-1 Switch position Hand | Off Auto | Hand Off Auto
MV-2 Switch position Hand | Off Auto | Hand Off Auto
MV-3 Switch position Hand | Off Auto | Hand Off Auto
MV-4 Switch position Hand | Off | Auto | Hand | Off Auto
MV-5 Switch position Hand | Off Auto | Hand Off Auto
Vacuum Pump VP-1 Hand | Off Auto | Hand Off Auto
Transfer Pump P-1 Hand { Off Auto | Hand Off Auto
Transfer Pump P-2 Hand | Off Auto | Hand Off Auto
LSHH-1 or Thermal Oxidizer Off On off On
LSHH-2 or LRV Overload Off On off On
LSHH-3 Off On Off On
LSHH-4 Ooff On Off On
LSHH-5 or LSHH-6 Off On Off On
Notes:
MULTI PHASE EXTRACTION SYSTEM, NAS CORPUS CHRISTI
Date of Inspection: Prepared By: Page  of




Weekly C. ./ Data Sheet
Hydrocarbon Recovery System
NAS Corpus Christi - Tank Farm 216

Page of
Date: Time on site: System on or off: Temperature: °F :
Time off site: System on or off: Weather:
Tank gauges:
550 gal water tank (T-5): gal. 5000 gal water tank (T-6): gal. Product tank (T-4): in. _gal. product
in. pal. water
Other readings:
P-1 discharge pressure (PI-8). psi (normal range 5S0-70 psi) Discharge water flow totalizer (FQ-1): gal.
P-2 discharge pressure (P1-9): psi (normal range 23-27 psi) Fresh water flow totalizer (FQ-2): gal.
P-3 discharge pressure (PI-10): psi (normal range 30-40 psi) Sediment filter at T-7; checked _ cleaned _ replaced
P-6 discharge pressure (PI-11): psi (normal range 20-25 psi) Drain vapor line entering thermal oxidizer:
Adj.water flow meter (FI/FC-2) gpm (normal range 1.0-1.5 gpm) Check chemical pump operation: P-4 P-5
Adj.water flow meter (FI/FC-3) gpm (normal range 1.5-3.5 gpm) Monitor flow into LRV from T-6 (ensure T-2 fills):
Thermal Oxidizer Operating Hours Natural Gas Meter: cubic feet
Y-strainer at LRV (YS-2): checked cleaned Sump: water level: feet; cleaned out
Bag filter: checked  cleaned ___ replaced Inspect for rust and corrosion:
Paint Touched up: Location of corrosion:
Sheen present on water sampled at BV-11: _yes no Inspect switches for fouling/scale: __ Scale location
H of water sampled at BV-11: (normal range 6.5-7.5) Replace chart recorder paper
Vacuum Pressure Differential Pressure Pressure of Vapor
Appearance of | Condition of well | T-2 water (in. Hg) (in. H,0) Stream (in. H,0) Vapor Effluent
Time Well l;‘e:’ll\oer ma::liil:(‘;(ri is':ghl appl:;[:ianngc/e of lz:p)) ?::;)n CFolrl;c' SE‘I"I‘)P“
glass water at well Th1 well manif P1-6 PI-7 C;’?;:: 029:]\:12 Gl(")::s (;92:: .I(.;F2) Cfgp;?)z

SBO X-1 SBO-448 SBO X-1 SBO 448

Comments:

Signature Revised 12/1/97




NAS Cor, . Christi - Tank Farm 216 Page ' of

Date
Vacuum Pressure Differential Pressure Pressure of Vapor
Appearance of | Condition of well | T-2 water (in. Hg) (in. H,0) Stream (in. H,0) Vapor | Effluent
Motor water in piping/ temp. Stream Conc. Sample
Time Well Valve manifold sight appearance of (‘F) GOM-3 GOM-2 GOM-3 GOM-2 Temp. FID ID
glass water at well TI-1

well | manif | PL6 PL7 1"dia. | 2" dia. 1" dia. 2" dia, 1(1"2 GO("PM“')z
| sBox-1 | sBo44s | sBOX-1 | sBO44s - :




»

NAS Cosus Christi - Tank Farm 216 Page of
Thermal Oxidation Unit Date
Time Well Burner Stack Differential Natural Gas Vacuum on Pressure on Differential Differential Diluted FID Concentration FID
Temperature | Temperature | Pressure Diluted Pressure Process Air Process Air Pressure on Pressure on Process Air of Diluted Process | Concentration of
(degrees F) (degrees F) Process Air PSH-106 P1-302 PI-301 Natural Gas Bumner Temperature Air Stack Effluent
F1-309 - (inches H,0) | (inches H,0) | (inches H,0) FI-107 PDI-501 TI-307 BV-20 S-1007
(inches H,0) (inches H,0) | (inches H,0) (degrees F) (ppm) (ppm)




MONTHLY MAINTENANCE/INSPECTION CHECKLIST

NAS CORPUS CHRISTI
Date Inspected by:
- Activity Summary Action/results
Submersible

Transfer Pump P-1

Operating Amps (9 amps normally)

Pump Operating

Pump Inspected

Intake Cleaned

Transfer Pump P-2

Operating Amps (4 amps normally)

Motor Coupling Checked

Pump operating

Inspect shaft seal for leaks

Liquid Ring
Vacuum Pump
VP-1

Operating Amps (22 amps normally)

Dilution air filter cleaned

Inspect seal water source operational

Sediment filter cartridge replaced

NAS CORPUS CHRISTI
July 17, 1997

MONTHLY MAINTENANCE
/ INSPECTION CHECKLIST



MONTHLY MAINTENANCE/INSPECTION CHECKLIST

NAS CORPUS CHRISTI
Date Inspected by:
Activity Summary Action/results
FQ-1 Inscht meter operation
FQ-2 Inspect meter operation

YS-1 Strainer

Inspect strainer

Clean strainer

Alarm testing,
manually test each
alarm

T-1 Moisture separator tank LSHH -1

T-2 Seal water tank LSHH-2

T-4 Product tank LSHH -3

T-5 500 gal. Water tank LSHH-4

T-6 5000 gal, water tank LSHH-5

Thermal oxidizer

LRV Motor Thermal Overload Cicuit
Breaker

Sump LSHH-6

Well Fernco
Flexible fitting

Inspect for signs of wear.

Replaced

NAS CORPUS CHRISTI
July 17, 1997

MONTHLY MAINTENANCE
/ INSPECTION CHECKLIST



MONTHLY MAINTENANCE/INSPECTION CHECKLIST

NAS CORPUS CHRISTI
Date Inspected by:
Activity Summary Action/results
Wire connections Inspect all wire connections for loose or
dirty connections.
Valves - Manually GV-1 (NO) GV-8 (NC) BV-2 (NC)
operate valves to
ensure smooth GV-2 (NO) GV-9 (NC) BV-3 (NC)
operation
NO = normally open GV-3 (NO) GV-IO (NC) BV-4 (NC)
NC = normally
closed GV-4 (NO) GV-15 (NC) BV-5 (NO)
GV-5 (NO) GV-16 (NO) BV-6 (NO)
GV-6 (NC) GV-18 (NC) BV-7 (NO)
GV-7 (NC) BV-1 (NC) BV-8 (NO) .
Oil/Water Separator | Check sludge build-up in sludge chamber

Check skimmer assembly

Check trough and discharge opening' for
debris accumulation

Inspect coalescing tubes

NAS CORPUS CHRISTI
July 17, 1997

MONTHLY MAINTENANCE
/ INSPECTION CHECKLIST



MONTHLY MAINTENANCE/INSPECTION CHECKLIST
NAS CORPUS CHRISTI

Date: Inspected by:

Activity Summary Action/results
Thermal Oxidizer Inspect all connections for

leaks.

Test light bulbs on control
panel. Replace as necessary.

Inspect filter elements. Clean
or replace as needed.

Remove flame arrestor drain
plugs and drain liquid.

NAS CORPUS CHRISTI MONTHLY MAINTENANCE
July 17, 1997 / INSPECTION CHECKLIST



NAS
CORPUS
CHRISTI
PRODUCT
RECOVERY
SYSTEM

Procedure Type

MONTHLY SUMMARY LOG OF SITE ACTIVITIES

Inspector Signature

Date

Page __of ___

date Summary of activities

Note: Include a summary of activities, problems solutions Refer to detailed logs, Example

Performed maintenance, collected samples,

NAS CORPUS CHRISTI

MAINTENANCE LOG



FORM TV10
THERMAL OXIDIZER REPORT

Monthly Period From: /1 To: / /

Command/Qrganization Location

At any time during the reporting period has the TPH concentrations exceeded 110,000
ppm? Yes __ No__

At any time during the reporting period has the repbnabte quantity of any air contaminate
compounds and specifically listed mixtures been exceeded? Yes __* No __

At any time during the repaorting period has the destruction efrdency of any air
contaminate compounds and specifically listed mlxtures been below 97.5 %7
Yes __ No___

Are manufacturer's operating instructions posted at the site? Yes K No __

At any time during the repaorting pariod has the operational criteria been below 1,400
degrees F and a minimal gas retention time of 0.5 seconds? Yes __ No __

At any time during the reporting period has the opacity been less than or equai to S % in
any S minute period for all visible emissions, except uncombined water? Yes __ No __

During the reparting period how much natural gas was used?

January mcf July _mcf

February ‘ et August mef

March : ' mcf September mcf

April mct October mcf

May mct November ' Il ;1 - {

June mct December mcf
YEARLY TOTAL = - mcf

Upan eampledon provide a copy of this MSUS form and a copy of the manufacturer's MS0S to the Air
Quality Program, Environmental Compliance Division of Navy Public Works Code 189, Build. 19.
)

TOTAL P.91



QUARTERLY MAINTENAN CE/INSPECTION CHECKLIST
NAS CORPUS CHRISTI

Date:

Inspected by:

Activity Summary

Action/results

Ratemaster Flow Meter
Disassemble, inspect, clean, and
reassemble

Motor valves
Disassemble and inspect. Replace wom

parts

Well level measurement

System shut down for 24 hours, well
measurement, system restart.
RECORD PRODUCT AND WATER
LEVELS FOR 5§ RECOVERY WELLS

MW-13

MW-20

Mw-21

MW-26

MWwW-29

NAS CORPUS CHRISTI
February 14, 1997

-

1 QUARTERLY MAINTENANCE
{ INSPECTION CHECKLIST



SEMIANNUAL MAINTENANCE/INSPECTION CHECKLIST
NAS CORPUS CHRISTI

Date:

Inspected by:

Activity Summary

)
v -

Action/results

Moisture Separator
Drain and clean interior of tank

Transfer Pump
Grease motor bearings.

Inspect flame monitoring device.

Thermal Oxidizer

Check/replace grease or oil in
blowers/grease motors and bearing
pillow blocks.

Thermal Oxidizer
Oil linkage swivels on control valves.

{

NAS CORPUS CHRISTI
June §, 1997

1 SEMIANNUAL MAINTENANCE
/ INSPECTION CHECKLIST



ANNUAL MAINTENANCE/INSPECTION CHECKLIST

NAS CORPUS CHRISTI
Date: Inspected by:
Activity Summary Action/results
Thermal Oxidizer Inspect ceramic fiber
insulation for tearing,
shrinking, or movement.
Replace if needed.
NAS CORPUS CHRISTI ANNUAL MAINTENANCE

June S, 1997

/ INSPECTION CHECKLIST



Field Sampling Data Sheet

Operations and Maintenance - Groundwater Treatment Facility

NAS Corpus Christi

Date:

Weather Conditions:

Sample Collection Information, if completed

Type

Sample LD.

Time Collected - Analyses Date Shipped

off tank liquid

vapor emissions inline

vapor emissions inline

vapor emissions inline

vapor cmissions inline{ .

vapor emissions inline

vapor emissions -
after treatment

sludge sample

Notes/Unusual Observations:

Names:

Signatures: Company:

f:\amsimon\corpus\document\fsheet.opm




MULTIPHASE RECOVERY SYSTEM
FUEL FARM 216
NAS CORPUS CHRISTI, TEXAS

RECOVERED GROUNDWATER - CUMULATIVE TOTAL

DATE

FLOW |
TOTALIZER
READING
FQ-1
(gallons)

ACTUAL
TOTAL WATER
REMOVED
FROM T-6:
FQ-1 + 4450
(gallons)

QUANTITY
WATER
TRANSFERRED
OUT OF T-6
(gallons)

CUMULATIVE
QUANTITY
TRANSFERRED
OUT OF T-6
(gallons)

Applied Earth Sciences, Inc.

May 1997



MULTIPHASE RECOVERY SYSTEM
FUEL FARM 216
NAS CORPUS CHRISTI, TEXAS

RECOVERED PHASE SEPARATE HYDROCARBON - CUMULATIVE TOTAL

DATE

QUANTITY TRANSFERRED
OUT OF T-4
(gallons)

CUMULATIVE QUANTITY
TRANSFERRED OUT OF T-6
(gallons)

Applied Earth Sciences, Inc.

May 1997



MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

DATE:

RECOVERY WELL STATUS FORM

MOTOR VALVE

RECOVERY WELL

LEVEL OF DROP TUBE IN WELL
(FEET BELOW TOP OF CASING)

MV-1

MV-2

MV-3

MV-4

MV-5

COMMENTS:

Applied Earth Sciences, Inc.

May 1997



Sheet1

Procedures for Calcutating Emissloas of
Petroleum Hydrocarbons from
Corpus Christi NAS Liquid Ring Pump Recovery System

Table below is for Eclipse Dungs 1° SBO - X - 1 Orifce Plate
Not valid for other flow measurement devices

Flowrate vs Differential Pressure

Flowrate « ACFM
[ )
g

2
8 8

0 2 40 60 80 100
Differential Pressure - Inches of Water

1. Determine ppmv of petroleum hydrocarbon using a *Century OVA 128 GC" or similar instrument.

") ppmv Thisis'l'PH.fot'Benzeneuselanabotatoryana(ysis,
benzene/TPH to get % benzene, muttiply ppmv X % benzene

2. Record differential and static prastlnres and kne temperature. _
(w4} ' differentiat mmne-hdmofwéter
1) static pressure - inches of water
Static and differential pfessurés should be close, if not contact project manager
(22 line temperature - degrees fahrenheit

Calcutations assume 100 Degrees, if not close contact project manager -

3. Convert ppm to mg/m*3.
ppmv * molecular weight / 24 = mg/m3

MWTPH =114
MW Benzene = 78.11

) X MW ! 24= mg/m"3

4. From chart record acfm.

(4) acfm

5. Calculate lhshr
acfm * mg/m~3 * 0.000003972 = lbsthr

(4) X 3 X 0.000003972 = tbsthr

Page 1




OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

ATTACHMENT 3

ORIFICE PLATE DOCUMENTATION

Applied Earth Sciences, Inc. August 1997



Gas Orifice Meters B

12/92

Screwed Brass Orifices (SBO)—1/2" thru 2-1/2"; rated 250 PSI

» | ow cost metering device permits accurate setting
of burner air & gas flow for optimum efficiency.

* +1% accuracy depending on location, measure-
ment accuracy and proper use of correction factors.

« One piece machined brass construction.

» Includes brass hex-head screws to plug holes
when measurements are not beiqg taken.

+ Metal tag chained to valve clearly shows
orifice pipe size and model number.

Pipe Overall
Size Length
172" 1-1/2"
3/4° 1-1/2°
1" 1-7/8"
1-1/4* 2-3/4"
1-1/2° 2-3/4°
2" 3-1/4"

Carbon Steel Orifices (CO)—2-1/2" thru 24"; rated 250 PSI

« Low cost metering device permits accurate setting of
burner air & gas flow for optimum efficiency.

+ Can be socket-welded to pipes or mounted between
flanges (flanges must be ordered separately.)

* +1% accuracy depending on location, measurement
accuracy and proper use of correction factors.

« One piece zinc-plated steel construction.

* Includes brass hex-head screws to plug holes
when measurements are not being taken.

» Metal tag chained to valve clearly indicates
orifice pipe size and model number.
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TEXAS NATURAL RESOURCE CONSERVATION COMMISSION
STANDARD EXEMPTION LIST

30 TAC §116.211
Control of Air Pollution By Permits For
New Construction or Modification

ADOPTED MAY 15, 1996

1 ‘
’ EFFECTIVE JUNE 7, 1996
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68. Equipment used to reclaim or destroy chemicals removed from contaminated ground water, contan.inated
water condensate in tank and pipeline systems, or contaminated soil, for the purpose of remedial action,
provided all the following conditions are satisfied:

(a) Applicability shall pertain to soil and water remediation at the property where the original
contamination of the ground water or soil occurred or at a nearby property secondarily affected by the contam-
ination, but not to any soil or water treatment facility where soils or water are brought in from another property.

Such facilities are subject to §116.1, relating to Permit Requirements.

(b) For treating groundwater or soil contaminated with petroleum compounds, the total emissions of
petroleum hydrocarbons shall not exceed 1.0 pound per hour (Ib/hr), except that benzene emissions also must

meet the conditions of Standard Exemption 118(c) and (d). For purposes of this exemption, petroleum is
considered to include: (1) liquids or gases produced from natural formations of crude oil, tar sands, shale, coal

and natural gas, or (2) refinery fuel products to include fuel additives.

(c) For treating groundwater or soil contaminated with chemicals other than petroleum, emissions must
meet the requirements of Standard Exemption 118(b), (c), and (d). If the groundwater or soil is contaminated
with both petroleum and other chemicals, the petroleum compound emissions must meet condition (b) of this
exemption and the other chemical emissions must meet the requirements of Standard Exemption 118(b), (c), and
(d). The emission of any chemical not having a Limit (L) Value in Table 118A of Standard Exemption 118 is

limited to 1.0 Ib/hr.

(d) The handling and processing (screening, crushing, etc.) of contaminated soil and the handling and
conditioning (adding moisture) of remediated soil shall be controlled such that there are no visible emissions
with the exception of moisture.

(e) If abatement equipment is used to meet conditions (b) and (c), the equipment must satisfy one of the
following conditions:

(1) The vapors shall be burned in a direct-flame combustion device (incinerator, furnace,
boiler, heater, or other enclosed direct-flame device) operated in compliance with Standard Exemption 88(b)

and (c).



TEXAS NATURAL RESOURCE CONSERVATION COMMISSION
STANDARD EXEMPTION LIST

30 TAC §116.211
Control of Air Pollution By Permits For
New Construction or Modification

ADOPTED MAY 15, 1996

EFFECTIVE JUNE 17, 1996
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Standard Exemption 68
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(2) The vapors shall be burned in a flare which meets the requirements of Standard Exemption
80 and the requirements of 40 Code of Federal Regulations 60. 18 which shall take precedence over Standard
Exemption 80 in any conflicting requirements whether or not New Source Performance Standards apply to the

flare.

(3) The vapors shall be burned in a catalytic oxidizer which destroys at least 90% of the vapors.
An evaluation of oxidizer effectiveness shall be made at least weekly using a portable flame or photoionization
detector or equivalent instrument to determine the quantity of carbon compounds in the inlet and outlet of the
catalytic oxidizer. Records of oxidizer performance shall be maintained in accordance with condition (g).

(4) The vapors shall be routed through a carbon adsorption system (CAS) consisting of at least
two activated carbon canisters that are cohnected in series. The system shall meet the following additional

requirements:

(A) The CAS shall be sampled and recorded weekly to determine breakthrough of
volatile organic compounds (VOC). Breakthrough is defined as a measured VOC concentration of 50 parts per
million by volume (ppmv) in the outlet of the initial canister. The sampling point shall be at the outlet of the
initial canister, but before the inlet to the second or final polishing canister. Sampling shali be performed while
venting maximum emissions to the CAS. (Example: during loading of tank trucks, during tank filling, during

process venting.)

(B) A flame ionization detector (FID) shall be used for VOC sampling. The FID shall
be calibrated prior to sampling with certified gas mixtures (propane in air) of 10 ppmv + 2.0% and of 100
ppmv + 2.0%. '

(C) When the VOC breakthrough is measured, the waste gas flow shall be switched to
the second canister immediately. Within four hours of detection of breakthrough, a fresh canister shall be
placed as the new final polishing canister. Sufficient fresh activated carbon canisters shall be maintained at the
site to ensure fresh polishing canisters are installed within four hours of detection of breakthrough.



TEXAS NATURAL RESOURCE CQNSERVATION COMMISSION
STANDARD EXEMPTION LIST

30 TAC §116.211
Control of Air Pollution By Permits For
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Standard Exemption 68
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(D) Records of the CAS monitoring maintained at the plant site shall include, but are not
limited to, the following:

1.  sample time and date,

2. monitoring results (ppmv),

. 3. corrective action taken, including the time and date of the action, and
4. process operations occurring at the time of sampling.

(E) The: reglstraﬁou shall include a demonstration that acuVated carbon is an appropriate
choice for control of the organic compounds to be stripped.

(f) Before construction of the facility begins, the facility shall be registered with the Texas Natural
Resource Conservation Commission (TNRCC) Office of Air Quality in Austin using Form PI-7. The
registration shall contain specific information concerning the basis (measured or calculated) for the expected
emissions from the facility. The registration shall also explain details as to why the emission control System can

be expected to perform as represented.

(2) Records required by applicable paragraphs of this exemption shall be maintained at the site and
made available to personnel from the TNRCC or any local agency having jurisdiction. These records shall be
made available to representatives of the TNRCC and local programs upon request and shall be retained for at
least two years following the date that the data is obtained.
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Standard Exemption List

(d)

(e)

()
(9)

P (h)

The oven, furnace, and/or incinerator shall be equipped with an after-
burner automatically controlled to operate with a minimum temperature of
1,400°F and a gas retention time of 0.5 second or greater.

Opacity of emissions from the oven, furnace, and/or incinerator shall not
exceed 5% dvaraged over a S-minute period.

Manufacturer’s recommended operating instructions shall be posted at each
oven, furnace, and/or incinerator; and each unit shall be operated in
accordance with these inst-uctions.

Heat shall be provided by the combustion of sweet natural gas, liquid
petroleum gas, or No. 2 fuel o0il with no more than 0.5% sulfur by weight;

or by electric power.

The emission of any air contaminant shall not exceed 0.5 lb/hr and 2.0
tpy.

0

88. Direct flame incinerators installed for the purpose of reducing or eliminating
non-halogenated VOC vapors and/or aerosols (but not liquids or solids), pro-

vided the following conditions are satisfied:

(a)

[ PNy )

(b)

]

Lo

(c)

R T

(d)
1.
}
. (e)
- (£)
. (9)
(h)

Before construction beings, the facility shall be registered with the
appropriate regional office using Form PI-7.

Each direct flame incinerator shall be automatically controlled to main-
tain a minimum temperature of 1,400°F in the combustion chamber (second-
ary chamber if dual chambered) and a gas retentlon time of 0.5 second or

greater.

Continuous temperature monitors to record the temperature of the com-
bustion chamber (secondary chamber if dual chambered) shall be installed
and maintained. Temperature data shall be maintained on a rolling
2-year retention basis and shall be made available at the request of
personnel from the TACB or any local air pollution control program having

jurisdiction.

Manufacturer’s recommended operating instructions shall be posted at each
incinerator and each unit shall be operated in accordance with these

instructions.

Opacity of emissions from the incinerator shall not exceed 5% averaged
over a S-minute period.

There shall be no obstructions to stack flow, such as by rain caps,
unless such devices are designed to automatically open when the incine-
rator is in operation. Properly installed and maintained spark arrestors
are not considered obstructions.

Heat for the incinerator shall be provided by the combustion of sweet
natural gas, liquid petroleum gas, or No. 2 fuel o0il with no more than
0.5% sulfur by weight or by electric power.

The gases being 1incinerated shall contain no halogenated organic com-
pounds.

This standard exemption shall not apply to catalytic incinerators, or
direct flame incinerators installed to control emissions from new or
modified facilities subject to the requirements of 31 TAC Chapter 116.
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TEXAS NATURAL RESQURCE CONSERVATION COMMISSIdN
STANDARD EXEMPTION LIST

30 TAC §116.211
Control of Air Pollution By Permits For
New Construction or Modification

ADOPTED MAY 15, 1996 -
EFFECTIVE JUNE 7, 1996
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118. Facilities, or physical or opcranoml changes to 2 facdxty, provided that al{ of the following
conditions are satisfied:

(2) This exemption shall not be used to authorize coastruction or any change to a facility
specifically authorized in another standard excmption, but not meeting the requirements of that exemption.
However, once the requirements of a specific exemption are met, Exemption 118(c) and (d) may be used to
qualify the use of other chemicals at the facility

(b) Emission points associated with the facilities or changes shall be located at least 100 feet from
any off-plant receptor*.

(c) New or increased emissions, including fugitives, of chemicals shall not be emitted in &
quantity greater than five tons per year nor in a quantity greater than E as determined using the equation E

= L/K and the following table.
Feet K
100 326 E = maximum allowable hourly emission,
200 200 " and never to exceed 6 pounds per
300 139 hour.
400 104
500 81 L = value as listed or referenced in Table
600 65 118A.
700 54 .
800 46 K = value from the table on this page.
900 39 (interpolate Intermmediate values)
1,000 34 _ .
2,000 14 D = distance to the nearest off-plant
3,000 or more 8 receptor.

(d) Notification must be provided using Form PI-7 within 10 days following the installation or
modification of the facilities. The notification shall include a description of the project, calculations, and
darta identifying specific chemical names, L values, D values, and a description of pollution control
equipment, if any.
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TEXAS NATURAL RESOURCI:Z CONSERVATION COMMISSION
STANDARD EXEMPTION LIST
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Kk khkhkhkhkkhkkkhkkhkhkkhkkkkkkhhhkkhhkhkkkkhkkhkhkhkkhhhkkkhhkkkk ok

Standard Exemption 118
Page 2

TABLE 118A
LIMIT VALUES (L) FOR USE WITH STANDARD EXEMPTION 118

Values included in this table represent screening levels for determining the applicability of Standard Exemption 118 and other standard
e.xcmpuom using the Excmption 118 equation. The values are not to be interpreted as acceptable health effects values relative to the
issuance of construction permits, special permits, or operating permits under 30 TAC Chapter 116. ]

. Limit (L)

" Acetone 590
Acctaldehyde 9
Acetone Cyanohydrin 4
Acctonitrile k)
Acetylene ) . 2662
Adiponitrile ' 18
Aldrin v 0.15
Sce-Amyl Acetate 1.1
Arscnic 0.01
Benzene | 3
Beryllium and Compounds ; 0.0005
Butyl Acrylate : 19
Butyl Glycidyl Ether 30
Butyl Mercaptan v . 03 .
Butyraldehyde . 14. ;
Butyric Acid S T 7.3 .
Butyronitzile - _ : ys) A
Carbon Tetrachloride i . : 12 B
Chloroform ] 10 i
Chlorophenol 0.2
Chloroprenc 3.6
Chromic Acid . ) 0.05 '
Chromium and Compounds 0.025°
Coal Tar Pitch Volatiles ' ot . '
Creosots o 0.1 »
Cresal 0 0.12 '
Cumene 43
o-Dichlorobenzenc 180
p-Dichlorobenzene 108
1,2-dichlorocthylenc [k
Dicyclopentadienc 3.1

Diethylaminoethanol 55
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Control of Air Pollution By Permits For
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EFFECTIVE JUNE 17, 1996

P 2 L 22 a2 A2 2222222 R R A Xy Y I R YRR R X222 L)
'

Standard Exemption-118

Page 3
TABLE 118A Cont'd.

Limit (L)
Comaound Milligrams Per Cubic Meger
Dicyclopentadiene : ' 3.1
Diethylaminoethanol 5
Diisobutyl Ketone 140
Dimothy! Aniline 6.4
Dimethylhydrazine 0.15
Dioxane 3.6
Dipropylamine 8.4
Ethyl Acrylate 0.5
Ethylene Dibromide ' 1
Ethylene Glyco!l Dinitrate 0.1
Ethylene Oxide 0.18
BErhyl Mercaptan i 0.15
Ethyl Sulfide 1.6
Fibrous Glass Dust s
Gylcolanitrile S
Hepane 350
Hydrazine 0.04
Hydrogea Chioride 1
Hydrogen Sulfide 1.1
Isoamy! Acetate 13
Isoamyl Alcohol 15
Isobutyronitcile p
Isophorone Diisocyanate 0.045
Kepone 0.001
Kerosene 100
Malononitrite 8
Mercury, Inorganic 0.05
Mesityl Oxide 40
Methyl Acrylate 1.7
Methyl Amyl Ketone ' 5.8
Methy! Butyl Ketone 4

22

Methy! Disul(ide
Methylenebis (Chloroaniline) MOCA (VEVI X}
Methylenebis (Pheny! isocysnate) ’

Methylene Chloride 26
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Standard Exemption 118
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Compound

Methyl Mercaptan
Methyl Methacrylate
Methyl Propyl Ketone
Methyl Sulfide
Mineral Spirits
Naphtha

Nickel, Inorganic Compounds
Nitroglycerine
Nitropropane

Octane

Parathion

Peéatane
Perchlorocthylenc
Petroleum Ether
Phenyl Glycidyl Ether
Phenylhydmzine
Phenyl Mercaptan
Propionitrile

Propyl Acctate
Propylenc Ozide
Propyl Mercaptan
Stoddard Solvent
Styrene

Succinonitrile
Tolidine
Trichlorocthylene
Trimethylamine
Valeric Acid

Vinyl Acctate

Vinyl Chloride

e

IR B

STANDARD EXEMPTION LIST

31 S N T

" 30 TAC§116.211
Control of Air ‘Pollution By Permits For

New Cons

truction (:r Modification
1y

ADOPTED MAY 15, 1996

' EFFECTIVE JUNE 7, 1996
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TABLE L18A

Cont'd.

OU§2CI‘3 QOI%ISERVATION COMMISSION
R RS 7 M K

Limit (L)

350
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Banry R. McBee, Chairman

R. B. “Ralph” Marquez, Commissioner
John M. Baker, Commissioner

Dan Pearson, Executive Direclor

TEXAS NATURAL RESOURCE CONSERVATION COMMISSION

Protecting Texas by Reducing and Prevenling»PoIIution

January 22, 1997

Mr. John Young

Engineering Technician

C/0 Commanding Officer

Code 189

Naval Air Station Corpus Christi
1101 D Street

Suite 143

Corpus Christi, Texas 78419-5021

Re: Standard Exemption
Registration No. 33805 |
Fuel Farm 216 '
Corpus Christi, Nueces County
Account ID No. 93-3805-S

Dear Mr. Young:

This is in response to your request to register the operation of another soil and groundwater
remediation pilot test under Standard Exemption 68 at Fuel Farm 216 at Naval Air Station,
Corpus Christi, Nueces County. We understand that you will use a carbon adsorption system
to abate air emissions during the pilot test. You have indicated that abated emissions of total
petroleum hydrccarbons and benzene will not exceed 1.0 and 0.029 pounds per hour,
respectively. We further understand that you will locate the emissions point at least 400 feet

away from any off-site receptors.

Accordingly, and after evaluating the entirety of your submittal, we have determined that your
operation conforms to the criteria of Standard Exemptions 68 and 118, if constructed and
operated as described in your application. The Executive Director of the Texas Natural
Resource Conservation Commission (TNRCC) authorized these standard exemptions pursuant
to 30 TAC Section 116.211 of Regulation VI. We have enclosed copies of the exemptions in
effect at the time of this registration. You must operate in accordance with all requlrements of

those standard exemptlons

P.O.Box 13087 +  Austin, Texas 787113087 -« 512/239-1000

printed on recyrled paper uting sov based ink



Mr. John Young
Page 2
January 22, 1997

Re: Standard Exemption
Registration No. 33805

We remind you that regardless of whether a permit is required, you must maintain these facilities
in compliance with all air quality rules and regulations of the TNRCC and of the

1J.S. Environmental Protection Agency at all times.

We appreciate your cooperation in this matter. If you have any questions concerning this
exemption, please contact Mr. Terry Murphy of our Office of Air Quality, New Source Review

Permits Division at (512) 239-1587.

Sincerely,

Tammy Villarreal .

Manager, Chemical Section

New Source Review Permits Division

Texas Natural Resource Conservation Commission

TV/TM/ms

Enclosures

cc: Mr. Charlie Spiekerman, Air Program Manager, Corpus Christi

Record No. 48193
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CONDENSATE COLLECTOR (T-7) AND CONDENSATE TRANSFER PUMP (P-3)
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289 Series

Fisher Controls

.|

Instruction Manual L

289 Series Relief Valves

August 1990 Form 1724

Introduction

Scope of Manual

This instruction manual provides installation, mainte-
nance, and parts ordering information for the 289 Series
relief valves. Instructions for other equipment used with
these relief valves can be found in separate instruction
manuals.

Description

The 289 Series pressure relief valves (see figure 1) are
throttling relief valves used downstream of pressure
regulators to protect the downstream sys'tem from over-
pressure. These relief valves can be used for natural
gas, air, propane, or other noncorrosive, gas-flow
service.

Specifications

Specifications for the 289 Series relief valves are given
in table 1. -

Installation

installing a 289 Series relief valve where its
capabilities can be exceeded or where
proper operation might be impaired may
cause personal injury, property damage, or
leakage due to bursting of pressure-con-
taining parts or explosion of accumulated
gas. To avoid such conditions, install a 289
Series relief vaive where:

® Service conditions are within the unit
capabilities specified in tables 1 and 2, and

©Fisher Controls International Inc. 1979, 1990; All Rights Reserved

TYPE 289H RELIEF VALVE

Figure 1. Typical 289 Series Relief Valves

® The relief valve is protected from expo-
sure to physical damage and/or corrosive
substances.

1. When installing a 289 Series relief valve, make sure
that the installation of the system complies with applica-
ble local, state, or federal codes or regulations.

2. Use qualified personnel when installing, operating,
and maintaining a 289 Series relief valve. Before instal-
lation, make sure there is no damage to or foreign
material in the relief valve and that all piping is clean and
unobstructed.

3. Forinstallation of Type 289H, 289HH, and 289L relief
valves, the vent in the spring case must remain plugged
or undrilled in order for the pitot tube to function

properly.



289 Series

Table 1. Specifications

Available Configurations

+ Pressure Setting Adjustment

See table 2

Body Sizes and End Connection Styles

Adjusting screw

Pressure Registration

Type 289L: M 3/4 or R 1 in. NPT screwed
Types 289A and 289U: 1/4 in. NPT screwed
Type 289H: B 1 or M 2 in. NPT screwed
Type 289HH: 1 in. NPT screwed

Maximum Allowable Relief (Iniet) Pressure and
Relief Pressure Set Ranges

See table 2

Material Temperature Capabilities

With Nitrile and Neoprene Elastomers: — 20 to
150°F (— 29 to 66°C)

With Fluoroelastomerti: 20 to 300°F (—7 to
149°C); available with Types 289H and 289HH
only '

1. Bubble-tight shutoff can not be attained at settings below 5 psig (.34 bar) with
fiuoroelastomer O-ring seat.

Internal

Approximate Weight, LB (kg)

Types 289A and 283U: 0.75 (0.3)
Type 289H:

1 In. Size: 4 (1.8)

2 IN. Size: 1.5 (0.7)

Type 289HH: 4 (1.8)

Type 289L: 1.5 (0.7)

Additional Specifications
For construction materials, see parts list

4. The 289 Series relief valves may be installed in any
orientation. However, if installing the relief valve at an
outside location, adequate protection, such as raincaps
or elbow piping (see figure 2), must be attached to the
outlet to keep the relief valve from getting plugged or
from coliecting moisture, corrosive chemicals, or other
foreign materials. If piping is to be attached to the valve
outlet, the following parts (if they are connected to the
valve outlet as shown in figures 4 through 8) must first
be removed: the screen (key 9), the snap ring (key 13),
and the gasket (key 15). A typical installation of a 289
Series relief valve is shown in figure 2.

If using a 289 Series relief valve on hazard-
ous or flammable gas service, personal in-
jury and property damage could occur due
to fire or explosion of vented gas that may
have acumulated. To prevent such injury or
damage, provide piping or tubing to vent
the gas to a safe, well-ventilated area. Also,
when venting a hazardous gas, the piping
or tubing should be located far enough
away from any buildings or windows so to
not create a further hazard, and the vent
opening should be protected against any-
thing that could clog it.

5. Apply pipe compound to the male pipeline threads
only; do not apply pipe compound to the internal body
threads. Then install the relief valve so that the flow
through it will match the direction arrow or marking cast
on the valve body.

2

-4

-—————

PROTECT VENT PIPE
WITH RAIN CAP _/

289 SERIES
RELIEF VALVE

REGULATOR : ﬁ

Figure 2. Typical Installation

AJaG9e-C
A2404-1

Startup
Key numbers are shown in figures 4 through 8.

With proper installation completed and system equip-
ment properly adjusted, close any vent valves, and
slowly open the upstream shutoff valve while using
pressure gauges to monitor pressure.

Note

To ensure proper operation of the pitot
tube, if present, the spring case (key 2)
must be tightly sealed. It is recommended
that the gasket (key 15) be replaced when-
ever the closing cap (key 14) is removed.
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When installing the molded diaphragm in the 289 Series Relief Valves, make sure the diaphragm convolution is installed in the
down position as shown in figure1.  +°

T~ INSTALL DIAPHRAGM

CONVOLUTION DOWN

o — —

\_ ‘
T~

Figure 1. Installation of Diaphragm

oFisher Controfs International, inc. 1994; All Rights Reserved
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Table 2. Maximum Allowable Relief (Inlet) Pressure

For 2-inch Type 289H relief valves, when changing from
one spring range to another, it is recommended that a
new spring case be used so that the travel stop drive
screw will be positioned correctly for the corresponding
spring range. Each spring range requires that the travel
stop drive screw be positioned appropriately in the
spring case to prevent setting the relief valve pressure
too high. The location of the travel stop drive screw for_
each spring and spring range is shown in figure 3.

Shutdown

Close the upstream shutoff valve, and release all pres-
sure from the relief valve.

Maintenance

Relief valve parts are subject to normal wear and should
be inspected periodically for maintenance. The frequen-
cy of inspection and replacement of parts depends upon
the severity of service conditions.

SPRING RANGE MAXIMUM ALLOWABLE
AVAILABLE BODY SIZE, | SPRING PART COLOR (RELIRE'F N SURE RELIEF (INLET)
CONFIGURATION INCH NUMBER CODE PRESSURE()
SETTINGS) -
Psig Bar
020563 27022 . 3 to 13 psig 0.2 to 0.9 bar
289A 14 182682 27022 | SVer 11 10 22 psig 0.8 to 1.5 bar 45 31
1F8269 27052 | Pink 1 to 4.5 psig 69 to 310 mbar
] 108923 27022 | Red 4 to 15 psig 0.3 to 1.0 bar 100 69
1D7515 27022 | Silver 10 to 20 psig 0.7 to 1.4 bar .
289H 107455 27142 | Green 15 to 50 psig 1.0 to 3.4 bar
1B5865 27052 | Dark biue 7 to0 18 inch wc 17 to 45 mbar
P 1B5366 27052 | Gray 0.5 to 2.25 psig 35 to 155 mbar 25 17
185368 27052 | Dark green 1.75 to 7 psig 121 to 483 mbar ’
185369 27052 | Red stripe 4 to 10 psig 0.3 to 0.7 bar
289HH 1 107455 27142 | Green 45 to 75 psig 3.1 to 5.2 bar 100 6.9
1B4135 27222 | Silver 3 to 8 inch wc 7 to 20 mbar
1N3112 X0012 | Stainless steel | 5 to 18 inch wc 12 to 45 mbar
28L 3/40rt | 13a7917 X012 | Sitver 1010 18 inch we | 25 to 45 mbar 7 0.5
13A7916 X012 | Silver 12 to 40 inch wc 30 to 100 mbar
0v0602 27022 | Silver 5 to 25 inch wc 12 to 62 mbar
289U 14 0F0582 27022 | Silver 20 inch wc to 3 psig | 50 to 206 mbar 10 07
1. This value indicates the relief pressure setting plus pressure buildup.
Antlsel_zlng sealant should be applied to SPRING SPRING RANGE DIMENSION A
the adjusting screw (key 6) threads on PART NUMBER| (RELIEF PRESSURE SETTING) | inch | mm
valves without closing caps. ort
185365 27052 |7 to 18 inch we |17 to 45 mbar rive screw
not required
1 set re adiustment is n itor th 185366 27052 |0.5 to 2.25 psig [35 to 155 mbar {1-17/32| 39
| Set pressure adjustment 1S necessary, monitor the 1B5368 27052 |1.75 to 7 psig |121 to 483 mbar |2-5/32 | 55
inlet pressure with a gauge during the adjustment proce- 155369 27052 14 0 10 osi 03 07b 25116
dure. Remove the closing cap (key 14), or joosen the hex _ psig [09100.7 bar |2-5/ 59
nut (key 11), and turn the adjusting screw (key 6) clock-
wise to increase or counterclockwise to decrease the
relief pressure setting. TYPE 289K
- ) SPRING CASE

1E7020K

Figure 3. Location of Travel Stop Drive Screw
for 2-Inch, Type 289H Relief Valve

This section contains information for inspection and
maintenance of 289 Series relief valves. Maintenance
procedures are presented for relief valve configurations
of similar construction. Refer to the appropriate proce-
dure and figure for the particular relief valve configura-
tion when changing the control spring to one of a
different range or when inspecting, cleaning, or replac-
ing any other relief valve parts. The screen (key 9,
figures 4 through 7) and vent piping, if present, should
be free of foreign material that might impair relief flow.
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Note

The relief valve body (key 1, figures 4
through 8) may remain in the pipeline during
maintenance unless replacement of the
valve body is necessary.

Avoid personal injury or property damage
from sudden release of pressure or explo-
sion of accumulated gas. Before starting

disassembly:

@ [solate the relief valve from line pres-

sure, and
® Release trapped pressure from the
valve body and pressure line.

Type 289A Relief Valves
All key numbers are shown in figure 4.

1. Loosen the hex nut (key 11), and unscrew the adjust-
ing screw (key 6) to relieve spring compression.

2. Unscrew the machine screws (key 8), and remove the
spring case (key 2), the spring seat (key 4), the spring
(key 7), the diaphragm head (key 3) and the diaphragm
(key 5).

3. Inspect the diaphragm and seating surfaces for dam-
age or wear, and replace parts as necessary. To remove
the orifice (key 10) unscrew it from the body.

4. Reinstall the orifice, the diaphragm, the diaphragm
head, the spring, and the spring seat.

5. Reattach the spring case using the machine screws.

6. If a new spring with a different range is installed,
stamp the spring case with the new spring range.

7. Adjust the spring compression according to the pro-
cedures outlined in the Startup section.

Type 289U Relief Valves

All key numbers are shown in figure 5.

1. Loosen the hex nut (key 11), and unscrew the adjust-
ing screw (key 6) to relieve spring compression.

* Unscrew the machine screws (key 8), and remove the
fing case (key 2), the spring seat (key 4), the spring
{key 7), and the diaphragm assembly (key 5).

3. Inspect the diaphragm assembly and seating sur-
faces for damage or wear, and replace parts as

necessary.

4. Reinstall the diaphragm assembly, the spring, and
the spring seat.

5. Reattach the spring case using the machine screws.

6. If a new spring with a different range is installed,
stamp the spring case with the new spring range.

7. Adjust the spring compression according to the pro-
cedures outlined in the Startup section.

Type 289L Relief Valves

All key numbers are shown in figure 6.

1. Remove the closing cap (key 14) and the gasket (key
15), and then unscrew the adjusting screw (key 6) to
relieve spring compression.

2. Unscrew the machine screws (key 8), and then re-
move the spring case (key 2), the spring (key 7), and the
diaphragm assembly (key 5).

3. Inspect the diaphragm and seating surfaces for dam-
age or wear, and replace parts as necessary. To remove
the orifice (key 10), unscrew it from the body. Check the
pitot tube in the diaphragm assembly for blockage, and
remove any foreign material that might impair proper
operation of the relief valve.

4. Reinstall the orifice, the diaphragm assembly, and
the spring.

5. Reattach the spring case using the machine screws.

6. If a new spring with ‘a’ different range is installed,
stamp the closing cap with the new spring range.

7. Adjust the spring compression according to the pro-

cedures outlined in the Startup section, and then rein-
stall the closing cap and gasket.

Type 289HH and 1-Inch Type 289H
Relief Valves

All key numbers are shown in figure 7.

1. Loosen the hex nut (key 11), and then unscrew the
adjusting screw (key 6) to relieve spring compression.

2. Unscrew the machine screws (key 8), and remove the
spring case (key 2), the spring seat (key 4), and the
spring (key 7).

P
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3. Unscrew the hex nut (key 24), and remove the lower
spring seat (key 17), the diaphragm head (key 3), and the
diaphragm (key 5).

4. Unscrew the machine screws (key 29), and then
remove the stem guide assembly (key 31) and attached
parts from the valve body (key 1).

5. Slide the spacer (key 23) and the pitot tube (key 18)
and attached parts from the valve body.

6. Remove the washer (key 27), the gasket (key 19), the
spacer, the O-rings (key 30), the O-ring holder (key 21),
the O-ring (key 20), and the O-ring washer (key 22) from
the pitot tube.

7. Inspect the O-rings, the gaskets, the spacer, the
orifice, and the seating surfaces for damage or wear,
and replace parts as necessary.

8. Apply antiseizing sealant to the adjusting screw
threads, and to the end of the adjusting screw that
contacts the spring seat.

9. Slide the O-ring washer, the O-rings (keys 30 and 20),
the O-ring holder, the O-ring (key 30), the spacer, the
stem guide assembly, the gasket, and the washer (key
27) onto the pitot tube.

10. Reinstall the stem guide assembly with attached
parts into the valve body, and then attach this assembly
with the machine screws (key 29).

11. Replace the diaphragm, the diaphragm head, and
the lower spring seat, and then secure these parts with
the hex nut (key 24).

12. Reinstall the spring and the spring seat, and then
attach the spring case to the valve body using the
machine screws (key 8).

13. If a new spring with a different range is installed,
stamp the spring case with the new spring range.

14. Adjust the spring compression according to the
procedures outlined in the Startup section.

2-Inch Type 289H Relief Valves

All key numbers are shown in figure 8.

1. Remove the closing cap and the gasket (keys 14 and
15), and then unscrew the adjusting screw (key 6) to

relieve spring compression.

2. Unscrew the machine screw (key 8), and remove the
spring case (key 2), the washer (key 27), and the spring
(key 7).

3. Unscrew the hex nut (key 24), unscrew the lifting
stem (key 25), and then unscrew the hex nut (key 11).

4. Remove the lower spring seat (key 17), the dia-
phragm head (key 3), the diaphragm (key 5), the lower
diaphragm head (key 26), and the gasket (key 19).

5. Unscrew the machine screws (key 29), and then
remove the stem guide assembly (key 31) and attached
parts.

6. Slide the spacer (key 23) and the pitot tube (key 18)
and attached parts out of the stem guide assembly.

7. Remove the gaskets (key 19), the spacer (key 23),
and the O-ring washer (key 22) from the pitot tube. Then
remove the O-ring washer (key 20) and the orifice (key
10) from the valve body (key 1).

8. Inspect the O-rings, the gaskets, the spacer, the
orifice, and the seating surfaces for damage or wear,
and replace parts as necessary.

9. Apply antiseizing sealant to the orifice threads, and
then to the adjusting screw threads.

10. Reinstall the orifice and the O-ring (key 20) into the
valve body.

11. Slide the gasket, the O-ring washer, the gasket, the
spacer, the stem guide assembly, and the gasket onto

the pitot tube. - |
|

12. Reinstall the stem guide assembly with attached
parts into the valve body, and attach it with the machine
screws (key 29).

13. Replace the lower diaphragm head, the diaphragm,
the diaphrahm head, and the lower spring seat; then
secure these parts with the hex nut (key 11). Screw in
the lifting stem, and lock it in place with the hex nut

(key 24).

14. Reinstall the spring and the washer.

Note

For 2-inch Type 289H relief valves, when
changing from one spring range to another,
use a new spring case to position the travel
stop drive screw correctly for the corre-
sponding spring range. Each spring range
requires that the travel stop drive screw be
positioned appropriately in the spring case
to prevent setting the relief valve pressure
too high. The location of the travel stop
drive screw for each spring and spring
range is shown in figure 3.
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5. Attach the spring case to the valve body using the
v e screws (key 8).

5. If a new spring with a different range is installed,
tamp the spring case with the new spring range.

7. Adjust the spring compression according to the
rocedures outlined in the Startup section. Then install
e gasket and the closing cap.

)‘arts Ordering

Jhen corresponding with your Fisher sales office or
ales representative about this equipment, always refer-
nce the equipment serial number stamped on the
pring case (key 2) or the closing cap (key 14). When
rdering replacement parts, specify the complete 11-
naracter part number of each required part as found in
1e following parts list.

‘arts List
2y Description Part Number
Parts Kit (included are keys 5, 9, 15, 19,
70, 30 and 38). Screen is stainless steel
and gaskets are composition and neoprene.
Type 289A (includes only keys 5 i
and 9)
Neoprene diaphragm R289A X00012
Type 289L (includes only keys 5, 9, and 15)
Nitrile diaphragm and O-rings
3/4-inch body R289L X00012
1-inch body R289L X00022
Type 289H (1-inch body) and 289HH )
Nitrile diaphragm and O-rings R289H X00012
Fluoroelastomer diaphragm and O-rings R289H X00032
Type 289H, 2-inch body (includes keys 5,
9, 15, 19, 20 and 38)
Nitrile diaphragm and O-rings R289H X00022
Fluoroelastomer diaphragm and O-rings R289H X00042
Type 289U (includes only keys 5 and 9)
Nitrile diaphragm R289U X00012
1 Vaive Body
Type 289A, zinc 0Y0710 44022
180438 44012

Type 289U, zinc
Types 289H (1-inch body) and 289HH,

2

Aluminum
Type 289H (2-inch body), cast iron
Type 289L, aluminum
3/4-inch body
1-inch body
Spring Case/Spring Case Assembly
Type 289A, zinc
Types 289H (1-inch body) and 283HH,
Aluminum
“ype 289H (2-inch body), zinc/steel
ype 289L, aluminum
Type 289U, zinc

3us882 08012
3181992 X012

314070 08012
3L4069 08012

1A5051 44022

1P9017 08012
1E7020 000A2
313338 X0012
0B0616 44022

Key Description Part Number
3 Diaphragm Head
Type 289A, zinc 070227 44022
Type 289H, plated steel
1-inch body 1D6664 28982
2-inch body 0w0202 25072
Type 289HH, zinc plated steel 1P9014 25062
4  Spring Seat
Type 289A, brass 070226 14012
Type 289U, zinc 183725 44022
Types 289H (1-inch body) and 289HH,
Plated steel 106671 25072
5* Diaphragm/Diaphragm Assembly
Type 2839A, neoprene 1A5052 02102
Types 289H (1-inch body) and 289HH
Nitrile 1E6066 02052
Fluoroelastomer 1E6066 02342
Type 289H (2-inch .yody)
Nitrile 1D7800 02052
Fluoroelastomer 107800 02332
Type 289L
Nitrile()
3/4 & 1-inch body, standard AL4068 000A2
Fluoroelastomer®@ (1-inch body) 1N3130 X0012
Type 289U, nitrile 18A281 5X012
Adjusting Screw
Type 289A, brass 1A5684 14012
Types 289H (1-inch body) and
289HH, plated steel 109954 48702
Type 289H (2-inch body) zinc 185379 44012
Type 289L, Delrint4) T10071 06642
Type 289U, brass 0F0581 14012
7 Spring See table 2
8 Machine Screw, plated steel
Type 289A (6 req'd) 187774 28982
Types 289H and 289HH, 1-inch body
(8 req'd) 1A3917 24052
Type 289H, 2-inch body (8 req'd) 1A4078 24052
Type 289L (8 req'd w/fo wire seal,
7 req'd w/wire seal) 182856 28982
Type 289L (1 req'd w/wire seal) 119277 28982
Type 289U (6 req'd) 1A3451 28982
9 Screen, Stainless steel
Type 289L
3/4-inch body 1B6335 38392
1-inch body 1E5648 43122
Types 289A and 289U 0L0783 43062
Types 289H and 289HH, 1- mch body 1E5648 43122
Type 289H, 2-inch body 1181994 X012
10  Orifice
- Type 289A,
Aluminum 070225 09012
Type 289H (2-inch body)
Brass 1E7026 13012
Stainless steel 1E7026 35072
Type 289L
Aluminum 1L4064 09012
11 Hex Nut
Types 289A and 289U, Brass 1A5054 18992
Types 289H (1-inch body) and 289HH,
Zinc plated steel 106677 28982
Type 289H (2-inch body),
Zinc plated steel D7801 24272
13 Snap Ring

Type 289L, Stainless steel
3/4-inch body
1-inch body

* Recommended spare part.

186336 38992
1E5649 37022

1. Assembly also includes an aluminum pitot tube and brushing, a zinc plated steel
spring seat and diaphragm head, and a neoprene seat pad.

. Assembly aiso includes an aluminum pitot tube, bushing, and diaphragm head, a 302
stainless steel spring seat, and a neoprene seat pad.

. Assembly also inciudes a zinc diaphragm head.

. Trademark of E.Il. duPont de Nemours Co.

A N
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Figure 4. Type 289A Relief Valve

Figure 5. Type 289U Relief Valve

Key Description Part Number

13  Snap Ring (Cont.)
Types 289H and 289HH, 1-inch body

Plated steel
Type 289H, 2-inch body

13A993 8x012
1089241 X012

14  Closing Cap
Type 289H, 2-inch body, zinc
Type 289L
W/o wire seal, plastic
W/o wire seal, zinc

185416 44012

T10072 06992
1H9669 X0012

‘Recommended spare part.
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Figure 6. Type 289L Relief Valve
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Figure 7. Typical of Type 289HH and 1-Inch
Type 289H Relief Valves
Key Description Part Number
15 Gasket
Types 289H and 289HH, 1-inch body
Neoprene 13A9929 X012
Type 283H, 2-inch body
Neoprene 1P7533 06992
Type 289L
Neoprene 1E1056 06992

16 Nameplate, aluminum
Types 289H and 289HH, 1-inch body

1F8527 11992
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Key Description Part Number
17  Lower Spring Seat
Types 289H and 289HH, 1-inch body
Plated stee!
Type 289H, 2-inch body, zinc plated steel

1D6666 25072
1D7799 25062

18  Pitot Tube
Types 289H and 289HH, 1-inch body
Aluminum 1F8262 09012
Type 289H, 2-inch body
Brass 1E7019 14012

Stainless steel 1E7019 35032

19* Gasket, composition v
Type 289HH, 1-inch body (1 req'd)
Type 289H, 2-inch body (3 req’'d)

1F8268 04022
107798 04022

20* O-Ring
Type 289H, 1-inch body
Nitrile
Fluoroelastomer
Type 289H, 2 in. body
Nitrile
Fluoroelastomer
Type 289HH
Nitrile
Fluoroelastomer
21 O-Ring Holder, aluminum

Types 289H and 289HH, 1-inch body

22  O-Ring Washer

Types 289H and 289HH, 1-inch body,.

Aluminum

Types 289H, 2-inch body, stainless steel

23  Spacer

Types 289H and 289HH, 1-inch body

Stainless steel
Type 289H, 2-inch body
Brass
Staintess steel
24  Hex Nut, plated steel

Types 289H and 289HH, 1-inch body

Type 283H, 2-inch body
25 Lifting Stem, plated steel
Type 289H, 2-inch body

26 Lower Diaphragm Head, plated steel

Type 289H, 2-inch body
27  Washer, aluminum

Types 289H and 289HH, 1-inch body

Type 289H, 2-inch body
28 Pipe Plug, plated steel
Types 289H and 289HH

29 Machine Screw, plated steel (not shown)

Types 289H and 289HH
1-inch body (2 req'd)

Type 289H, 2-inch body (4 req’'d)

30° O-Ring (2 req'd)

Types 289H and 289HH, 1 in. body

Nitrile
Fluoroelastomer

178266 06992
1F2692 X0012

1P3361 06992
1V6646 06382

1F2692 06992
1F2692 X0012

1F8264 09012

. 1F8265 09012

1E7021 36072

1F8263 35242

1E7022 14172
167022 35162

1A4997 24122
1B2282 28982

1D7802 24092

1E7031 25072

1F8267 09012
1C6805 11032

1D7548 28982

1D3869 28982
1F3865 28992

1D6875 06992
1N4304 06382

While this information is presented in good faith and believed to be accurate,

Fisher Controls does not guarantee satisfactory results from reliance upon such
information. Nothing contained herein is to be construed as awarranty or
guarantee, express of implied, regarding the performance, merchantability, fitness
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Figure 8. 2-inch Type 289H Relief Valves
Key Description Part Number
31  Stem Guide Assembly
Type 289HH, t-inch body
Zinc/brass 1F8272 000A2
Zinc/303 stainless stee! 1F8272 X0012
Type 289H, 2 in. body
Cast iron/brass 1E7028 000A2
Cast iron/303 stainless steel 1E7028 X00A2
32 Lifting Lever (not shown)
Type 289H, 2-inch body O0R0617 25092
33  Wire Seal (not shown)
Type 289L, 1-inch body 1D8847 99012
34 Diaphragm Protector (not shown)
Types 289A and 289U 10A511 6X012
38" Gasket, Type 289H, 2-inch body 1181993 X012

*Recommended spare pan.

or any other matter with respect to the products, nor as a recommendation to

use any product or process in contlict with any patent. Fisher Controls reserves
the right, without notice, to alter or improve the designs or specifications of
the products described herein.

Fisher Controls

For information, contact Fisher Controls:
Marshalltown, lowa 50158 USA
Cernay 68700 France

Sao Paulo 05424 Brazil
Singapore 2158

Printed in USA
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S8PDT LATCHING SWITCH PART $9958

~ | CLAMP-
RUBBER
CUSHION
SWITCH . L—FLAG ASSEMBLY
LISTED CLICD INDUSTRIAL CONTROL
SL14 cLu EFG  EQUIPMENT FOR USE IN

HAZARDOUS LOCATION

INSTALLATION INSTRUCTIONRS FOR USE WITH 3 MLG GAUGE HOUSING PIPR

THE SWITCH SHOULD BE POSITIONED NEXT TO THE FLAG ASSEMBLY AS SHOWN.
MOUNT THE SWITCH SO THAT THE 1/2" FNPT CONDUIT CONNECTION IS ABOVE
THE CLAMP. THE SWITCH SUPPORT SHOULD PASS OVER THE SWITCH HOUSING
AND THE FLAG ASSEMBLY AND AROCUND THE PIPE. BEFORE TIGHTENING THE
CLAMP, PLACE THE RUBBER CUSHION BETWEEN THE FLAG ASSEMBLY AND THE
CLAMP TO PREVENT DAMAGE TO THE FLAG ASSEMBLY. SWITCHES CAN BE
LOCATED AS CLOSE AS 3-1/4" FROM EACH OTHER (END .TO END).

(SEE OTHER SIDE FOR SWITCH SPECIFICATIONS AND WIRING COLOR CODE.)



PRQ. DRAWER 470426  TULSA, OKLAHOMA 74147
INWATS 1-800-331-7453 OKLAHOMA (918) 6634406  TELEFAX (918) 6634480

MAGNETIC LEVEL GAUGE INSTALLATION INSTRUCTIONS

CAUTION: DO MNOT CUT, REMOVE, OR DAMAGE THE CLEAR PROTECTIVE
COVERING ON THE MAGNETIC FLAG ASSEMBLY. DAMAGE TO THIS
COVERIMG HMAY CAUSE IMPROPER OPERATION.

ISOLATION VALVES ARE RECOMMEMDED BETWEEMN THE GAUGE HOUSING
AND THE PROCESS CONNECTION. THIS ALLOWS MAINTENANCE AND
INSPECTION ACTIVITIES TO TAKE PLACE WITHOUT DRAINING THE

PROCESS TAMK.

ALL PROCESS CONNECTIOHS SHOULD BE WMADE UP USING GASKETS
AND/OR THREAD SEALANTS COMPATIBLE WITH THE APPLICATION.

MAKE UP ALL PROCESS CONNECTIOHNS LOOSELY. TIGHTEM OHNLY AFTER

ALL COHNNECTIONS AND FASTEMERS ARE IN POSITION.

AFTER ALL PROCESS CONNECTIONS ARE MADE UP, REMOVE LOWER
FLANGE (NOT APPLICABLE TO MLG-D) TO INSTALL THE FLOAT:
INSERT THE FLOAT INTO THE GAUGE HOUSING WITH THE "Toe" LABEL
TCWARDS THE TOP CF THE HOUSING AND THE "FLAG" LABEL TOWARDS

THE FLAG ASSEMBLY.

NOTE! CORRECT OPERATION OF THE GAUGE DEPENDS ON THE CORRECT
ORIENTATION OF THE FLOAT. RE-ATTACH THE LOWER FLANGE AMD

GASKET TO THE GAUGE HOUSING.



ATTENTION READ BEFORE USING ATTENTION

WARRANTY:

New Procon pumps manufactured in November, 1993 and later are warranted to be free of defects in workmanship and materials for a period of 24 months
from the date of factory shipment. Factory rebuilt Procon pumps are warranted to be free of defects in workmanship and materials for a period of 12 months
from the date of factory shipment. Defective pumps will be rebuilt or replaced provided they are returned to Procon intact, freight prepaid and our inspection

substantiates the claim.
RRANTY VOID IF;
---Pump has been opened or dismantled in any fashion.
2. Foreign matter (i.e. abrasive particulate) has passed through the pump.
3. Non compatible liquids have been passed through the pump.
4. Pump was operated dry or was subjected to cavitation.
5. Pump operated at discharge pressures in excess of 250 PSI.
*Special alert for those pumps which contain the integral relief valve - this vaive should not be used as a flow or pressure regulator. This valve is designed to
be a safety feature to prevent system damage. Continuous or frequent use of the valve may result in degraded pump performance and/or void the warranty.
All fittings should be removed from the pump before returning to Procon Products for rebuilding! Procon cannot be held responsible for the return of fittings,
gauges and other accessories accompanying the pump. Pumps being returned for rebuilding should be packaged carefully to prevent damage in shipping.

Following are some suggestions for installing your Procon pump. If further instruction is needed feel free to call our factory and we will be glad to answer

any questions.

Catalogs are available upon request.
An explanation of the warranty can be found on the back side of the invoice.

NOTICE: Your pump can
be ruined or its service life
shortened if these operating
conditions aren't met at all
times.

* Pumps must have a fluid
supply to the pump inlet
greater than the pump's
flow rating.

* Fiuid must be compatible
with the pump.

SOLENOID VALVES
If you use solenoid valves in conjunction with Procon pumps, take
the following precautions to prevent serious over/under pressurization.

If you can incorporate a time delay into the control circuit to turn off
‘the pump motor and allow it to stop prior to the closing of the sole-
noid valve, then you can put the solenoid valve on either the inlet or
the discharge of the pump. Also, the time delay should allow time for
the solenoid valve to fully open prior to starting the pump motor.

If a time delay is not possible, locate the solenoid valve on the dis-
charge side of the pump downstream of the refief valve.

if it is possible that the pump in your system may experience a
sudden blockage of the discharge, then a customer supplied
external by-pass valve should be installed on the discharge line
and set to a maximum of 250 psi.

At this recommended setting, the by-pass valve should prevent
sudden over-pressurization. If the discharge becomes blocked, the
by-pass valve will bypass the fluid from the discharge line back to
the reservoir or inlet line. Piping length should be long enough to
allow heat dissipation and prevent the pump from overheating.

¢ Fluid must nat contain
any particles.

e Pump must not operate
above 250 PSI.
id flow should not stop
nly while the pump is
vang.
* QOperating pressure should
be 50 PSI below Procon’s
relief valve setting.
* If using compressed air to
purge the pump of fluid,
install a coalescing filter in
the air system to prevent
contaminated air from
entering the pump.

We suggest that you use
the precautionary measures
and piping layout that foll-
ow. This layout promotes a

If particles may contaminate the fiuid,
use a particulate filter that is capable
of filtering particles larger than 125
microns. [f the particles are abrasive,
use a fitter that is capable of removing
virtually all of the particles.

interior diameter of

The inlet piping should have a minimum

« 3/8 inch for series 1, 2, and 3 pumps
¢ 1/2 inch for series 4 & S pumps
» 1 inch for series 6 pumps

W it is possible that the pump in your
system may experience 00 much
discharge back pressure, install a
pressure switch set to 250 psi.

Make sure there is at least 6 inches of
piping between the pump inlet and any
“T-fitting.” elbow, or system compo-
nent to minimize turbulence. The pip-
ing should be made from a material
that does not corrode or shed parti-
cles. A flexible hose of plastic, cop-
per, or stainless steel are good choic-
es, among others. Be sure no joint
compound or tape falls into the inlet of
the pump.

INLET

long trouble-free life for

your pumps.

If it is possible that the pump in your
system may experience insufficient
fluid supply (low flow rate), install a
pressure or suction switch to prevent
cavitation. This switch should be
mounted or ported close to the pump (L

. PRESSURE
SWITCH

INLET PIPING

Mount or port this pressure switch
close to the pump outlet. If the outlet
pressure rises too high while the
pump is operating, the switch will
shut the pump motor off. By shutting
the motor off, this switch will help
protect the pump from over-pressur-
ization.

DISCHARGE

As shown, the by-bass flow is direct-
ed to the inlet feed line. However, if
your system is operating from a feed
reservoir, we recommend by-passing
any flow of the relief valve directly
back into the reservoir, rather than

inlet. Series 1, 2, 3, 4 and 5 may
operate with as much as 6 feet of
suction lift, with the exception of the
330 GPH models, which require a
minimum of 20 PSI inlet pressure.
Series 6 must have positive inlet
pressure.

If the inlet pressure falls too low while
the pump is operating, the switch will
shut the pump motor off. By shutting
the motor off, this switch helps protect
the pump from cavitation due to an
insutficient fiuid supply or a plugged
filter.

PHOCON PRODUCTS

A Division of Roehlen Industries
Murfreesboro, Tennessee 37129

310 Ridgely Road -«
Telephone: (615)890-5710

>rocon Form 151 04.97

{{ || Standex compan |

« Fax: (615)896-7729

“Quality Products - Delivered On Time"

back into the inlet feed line. If the
inlet feed line is used. introduce the
by-pass How at feast 12 inches
upstream of the pump inlet port.

LS. EN IS0 8001



Installing Your PROCON Pump

Your Procon pump is a precision-built piece of equipment. Handle it carefully. Procon pumps should be
installed only by qualified technicians.

NOTICE

When you instalt your pump, follow these guidelines:

+ Do not hammer or mishandle your pump.

« Keep ail foreign materials out of your pump.

* Never vise or grip the round body portion of the pump housing. Grip only the square

inletoutlet bosses when you install fittings. Always support the pump when you instalt fit-
tings to avoid bending the V-band clamp even if the pump is already mounted to the motor.

« Make sure the power is off before working with an electric motor. If possible, lock out the
power at a disconnect.

+ Make sure you have an adequate, well-lit work space and use the cormect tools.

« Do not use any components that are damaged or deformed. You should not have to force
any pants fogether. i you receive parts that are damagegl of deformed, call your Procon fac-
tory representative.

We test every Procon pump at the factory for pressure and flow. If the pump has a
relief valve, we set it to your specifications.

CAUTION
Do not tamper with the refief valve on your pump. Hf you think the relief vaive needs to be
reset, contact your Procon factory representative.

We make every effort to ensure that your pump is of the highest quaiity. To get the most out of your
pump, read and follow these mstructions carefutly.

For all motors-- examining your pump BEFORE
you get started

Before you install your pump, you must carefully unpack the pump and examine and prepare it to be
installed. Follow these steps for all types of motors.

NOTICE
Do not exchange one pump model for another. Pumps are carefully engineered to meet

specific requirements and flow rates. i
All pumps within a series have the same housing. The may look alike, but they perform di-
ferently. Check the model number to make sure you have the correct pump before you
install it.

Mounting your pump on a 56C frame motor

You should have these parts:

* bolt-on Procon pump @:mb e

* Procon motor adapter ’

* 3-piece drive shaft coupling |

. 56C frame motor Boft-on pump I I {

adaple’  coupling  S6C trame molor

Correctly assembiing the coupling and the adapter, and mounting the pump is a trial and eror process.
You may have to try several times before you get it ight.
FOLLOW THESE STEPS AFTER YOU HAVE EXAMINED YOUR PUMP.

1. Mount the drive shatt coupfing.
a. Make sure motor is electricalty disconnected and cannot accidently tum on,

b. Mount the half of the coupling for the motor onto the motor shaft and tighten the set screw.

c. Insert the elastomer piece onto the motor piece.

d. Mount the half of the coupling for the pump onto the pump shaft, but do not tighten the set screw.
Make sure the coupling slides easily onto the pump and the motor shaft--do not force it. Make sure the shaft
does not protrude into the space occupied by the elastomer piece. The series 6 pump requires & shaft key.

2 Mount the motor adapter onto the mator using four 3/8 inch dia. by 1 inch long bolts 16 threads/inch)

and lock washers.
Rotate the pump 10 orient the inlet/outiet ports as desired.

3. Mount the pump onto the motor adapter while simuitaneousty engaging the coupfing pieces.

4. Check to nake sure that the coupling is property engaged.

5. Tighten the set screw on the pump coupling half.

6. Check your assembly.

The elastomer coupling piece should have about 1/16 inch of play between the two metal pieces.

If it does, go to step 7.

If it does not, repeat steps 1 through 5, until the assembly s correct.

7. Fasten the pump to the adapter using three 1/4 inch dia. by 3/4 inch bolts (20 threads/inch) and lock
washers or two 3/8 inch dia. by 1 inch bolts (16 threads/inchl for series 6.

8. Check to make sure that your motor rotates correctly.
Motor rotation must comespond to the rotation armow on the nameplate of the pump.

Using the wrong pump may damage your pump, your system, or your electnic motor.

6’

1. TAKE THE PUMP OUT OF ITS SHIPPING CONTAINER.
Do not remove the shipping plugs from the port until the fit-
tings are ready to be installed. This will keep debris out of

the pump.

if the pump has a shaft coupling, remove the coupling and
discard the foam shipping strip. Reinsert the coupling.

Be careful when handiing the pump; do not drop it or bang
it. If you mishandle the pump, especially the shaft end, you
can dierupt or damage infernal clearances and impair per.
formance of your pump.

Do not remove the shipping plugs from
the ports at the top of the pump until
time 10 install fittings.

v

2. EXAMINE THE MOUNTING SURFACES.

Carefulty remove any burrs or raised metal which may have
occurred during unpacking and handling to make sure the
pump will sit and be aligned properly.

Now you are ready to mount the pump to a motor. Procon
pumps work with two types of electric motors-- a carbonator
style motor (NEMA 48YZ frame) and a C-frame motor
(NEMA 56C frame). Follow the steps for the type of motor
you are using.

L

Examine the mounting surfaces on the
pump.

Mounting your pump on a 48YZ frame motor

You should have these parts: @jﬂ}}:

» Clamp-on Procon pump -I]'__ d

« Procon V-band clamp |

* 48YZ frame motor Clamp-on pump l =

V-band clamp  48YZ frame motor

AFTER YOU HAVE EXAMINED YOUR PUMP‘FOR DAMAGE, FOLLOW THESE STEPS.

1. Make sure motor is efectricalty disconnected and cannot accidently tum on,

2. Siip the V-band onto the motor ring flange.

3. Mount the pump to the motor by inserting the tang (shatt) of the pump into the skot on the motor.
4. Rotate the pump to orient the inlet/outiet ports as desired.

5. Make sure the fing flanges on the pump and on the motor are properly engaged and flush against one
another,

6. Make sure the clamp is fully seated around the entire circumference of the pump and motor flanges.
7. Tighten the V-band clamp using 15 1o 30 inch-pounds of torque.

NOTE: Do not over tighten the clamp. The V-band clamp is designed to support the pump and fittings
only. Loads caused by rigid plumbing or heavy aftachments may result in misalignment.

For all motors--installing the plumbing

When you finish mounting your pump on a motor, you must install the plumbing for the pump. Follow
these steps after you have mounted your pump.

1. INSTALL THE INLET AND OUTLET FITTINGS.

Support the pump by using a backup wrench on the square port
bosses. Do not put any strain on the V-band clamg.

Use brass fittings or plastic fittings on a brass pump. Use
stainless steel or plastic fittings on a stainless steel pump. Using
dissimilar metafs can cause corrosion, which may get into the
pump and cause damage.

Use teflon thread tape to nstall the fitting. Do not let any thread
tape get into the pump and do not overtighten the fittings

2 CHECK THE INLET LINE.

Make sure that the infet fine s big enough to allow adequate
flow to the inlet part of the pump (3/8 inch dia. ID for series 1,
2and 3; 172 nch dia. ID for series 4 & 5; 1 inch dia. ID for

series 6)

Make sure that the inlet line is clean and property flushed out.
Protect the pump with a 100 mesh or finer strainer or fiter.

3. CONNECT THE INLET LINE TO THE FITTING ON THE PUMP.
4. CONNECT THE OUTLET LINE TO THE FITTING ON THE
PUMP.

Use a backup wrench on the square port
boss fo support the pump.
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 Series 4 & Series 5:

_eries 6

PROCON's Series 4 & 5 are
designed and built to meet your
needs for flow rates ranging from
115 to 330 gallons per hour at 250
psi. These PROCON pumps
maintain all the quality features and
construction of our Series 1,2, & 3
pumps . Bolt-on mounting style is
shown in the photo; clamp-on style
is also available.

PROCON's Series 6 is designed
and built to meet your needs for
higher flows. The flow rate capacity
for this pump ranges from 300 to
660 gallons per hour at 250 psi.
This series pump is available only
in bolt-on style. No integral relief
valve is available.

NOTE: Specifications and dimensions are subject to change without notice.

10

Standard specifications:

Body (Series4) ........... brass
(Series 5) . .. stainless steel
Capacity ........ 115 to 330 gph
Nominal speed ....... 1,725 rpm
Max. discharge pressure . 250 psi
Rotation ............ clockwise

., Dryweight....... approx. 4.5 Ibs

Self priming (water) .. 6 ft max. lift
" (330 GPH model requires min.
20 psi inlet pressure)

Standard specifications:

Body'............ stainless steel
Capacity ........ 300 to 660 gph
Nominal speed ....... 1,725 rpm
Max. discharge pressure . 250 psi
Rotation ............ clockwise
Dry weight approx. 15 Ibs
Minimum inlet pressure .. flooded

(no inlet suction lift allowed)




Series 4 & 5 Nominal Volume at 1725 RPM
Gallons Per Hour ’ Brake Horsepower

Flow
Rate Pressure, (PS1) Pressure (PSI)

(GPH)

50 100 150 200 250 50 100 150 200 250

330 331 330 328 327 326 0.33 0.55 0.78 1.00 1.22
265 265 263 261 259 257 0.24 0.43 0.63 0.82 1.01
240 243 240 236 232 228 0.21 0.37 0.54 0.70 0.86
215 218 215 211 207 203 0.20 0.35 0.50 0.65 0.80
190 193 190 186 182 178 0.18 0.33 0.47 0.61 0.75
165 168 165 161 157 153 0.17 0.30 0.43 0.57 0.70
140 143 140 136 132 128 0.16 0.28 0.40 0.52 0.84
115 118 115 111 107 103 0.15 0.25 0.35 0.45 0.55

Series 4 and Series 5 Pumps |
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Standard Filter Vessel Models

FSP-1100

[ 2 |
[ Fspiso0 | 7 1 2 | 44

4800
*Maximum flow rate is based an aqueous fiow at 1.0 PS) AP clean. inlet and outlet pipe sizes can be changed

o meet customer requirements.

Inlet/Outlet
Styles Available

+
Style 6 — Style 2 -
Side In/Side Out Side In/
— Offset Bottom Out




t
H
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FSI Bag Filter Vessels are des1gned bmlt
and stamped to meet code requirements
in our own ASME code manufacturing

- facilities. Features like the single-gasket
. seal, permanent piping and heavy-duty

perforated metal baskets as standard
equipment provide durable and conmsbent
performance. Positive bag hold downis -
anmtegralpartofthehd. Our advanced
basket design eliminates the need for

Standard Features s
~® Completely ¢ cleanable, easy cleamng access
OFhll ports for unrestricted flow - . -

Polyloc snap-tight
bag seal

Permanent piping
(in-line models

available)

i ‘ ,’.,»favﬁléb
:® Heavy dutybasketsstandard(nogasket o
required)

“FSI Advanced Desag 1

under-basket gaskets Swmg-out cover bolts
with eyenuts simplify the bag-changing
operation, while our (optional) Displace-
ment Floats reduce spillage and ensure

- proper seating of the bag.

' Of course, all FSI Bag Filter Vessels
a1e fully compatible with conventional
type bags as well as FSI Polyloc bags,

: w}nch feature the most advanced sealing

device on the market today. -

-~ Options > °

. Tltamumtﬂastelloy B&C and Alloy 20
n lequest e




SENT BY:Filter SPecialists-Tx. ©5-14-97 04: 06FPM 94499399 5128540734 # 4

‘S {fﬁﬂm specialistsy fme. MODELS BFN-11
4 1“‘““"0..“7” Michigen City, indisns 46360 BFN-12
) 219/879-2307 Telex:

. SINGLE BAG ORDER INFORMATION SHEET

lT ‘ ”--'":

/
\‘_
N\

STYLE 2 sioc et — sorromouney’ STYLE 6 o€ WLET — SI0E OUTLET

FLANGE FITTINGS

BFN-11 (S or P)* Style 2 BFN-11 (S or

3 Al 8l cl o | & 17 A |l s {clo il e | F | w -
- &% | 0% | 2% | 2w ] 8w | 1047 | 18° 1" | a%- [ 28y [ 14 [ 243" | 8w | 18%" [ 16”

1%° | e [ 30%" | 2%° | 2134 | 8- | 10%° | 167 1% | %" * | 1eve” | 209 1 By | 16147 | 18"

2" | e (30w |22 | 2% | evem [ 0% f 16- 2" | e 1283 [ ayy” 20 | 8" | 16%7 | 16°

A T T T TR 7 KT T 2 | eqr [ 2 [ravi- J oo | ww [16%- ] 16-

8- | 5w P3| 2%l 2% | 8% [ 1047 ] 16° 3" | s%” |30% | Wt larw" | 8% | e%" | 16

M EA AN ETS AT R & | S [ ] e met ] eve [ew | 18t
BFN-12 (S or P)* Style 2 : BFN-12 (S or P)* Style 6*

FLG A 8 c |l o E F | N FLG A [ c [] E F N

17 | e | a5~ Jarv e | 8 | 0% | %° 1° | 4% | 4% {28y | 3oy | 8y | 16%" ] %0

1% | a4 | a5 [3rv- |41 ] 8y [ 10% | 30° 4" | e |42 [2o% 3% ] 8w | 16%° | 0"

2° | ey | a5 |y [anm] ew 10| % 7Y§ 27 | e |t o8V | 39w | 8y | 184" | 0

2% { 4% | 457 | 1 |avsT | 8% | 128" | X0° 2% | 4R (8Y%" | 8% | 3947 | 8% | 16%" 1 30°

37 | s | 46% [ 38% | 43%" | 8% | 1wy | 0” 8- [ sy [a5y- |28y, | 41% | 8w | 6% | 20"

4" S%” 1 46%" | 374" [ 4% | 8% | 9% " | 0" 4" 590" | 45%" | 26% | M%7 | 8%" [ 16%° | X"

°S - Snap Ring “"Dimens.on C can be venved on Style d.
P = Poty Loc™ Note: Designed 10 ASME Code. UM Stamp avsilgbie 8s an option

ORDER INFORMATION: check appropriste boxes

Jesign Pressure: g0 100PSIG (O 150PSIG Gasket Material: 0 Buna-N (Standard)
| g Cther O Vitron
Jesign Temperature (F°) 0O Max._______ = Min (7 Neoprene
, O EPR
Zonstruction Material: O Carbon Stesl
O 304 Stainless Steel D gotlon Encapsulated -
0O 316 Stainless Steeol
g Other Lifting Mechanism: {J Hinge is Standard
jas. .Jaterials: 0O 304 Stainless Steel
(Standard)
v OI8 11142 Pev.7/9¢ 01 316 Stainless Steel
O Other Printed in U.§.A.



Ordering Information:

To order, use the abbreviations from the charts shown on
this page. The charts are color coded for your convenience.

Single Bag Example:

I Iz—:_:l _ _ .
FSP 85 2 FLG COATED

These codes descnbe the followmg vessel. FSP-85 model no. — Inlet/Outlet Style 2, Side in/Bottom out

— 804 stainless steel construction — 150 PSI pressure rating — 2 inch flange connection — Coated

Multi Bag Example:

I E: E. _ N N

FSP 2500 CS ! INLINE 1eCA
These codes descnbe the following vessel. FSP 2500 model No. - 8 inch flange connection — Carbon
steel construction — 150 PSI pressure rating — Inline Inlet/Outlet — %46" corrosion allowance

BFN Example: ‘
. ] - — I DN _LG
BFN 304 150 2F

These codes describe the followmg vessel: BFN model series — Polyloc bag style — holds one (1) #2 size
bag — Inlet/Outlet Style 6, Side in/Side out, offset — 304 stainless steel construction ~150 PSI pressure

rating — 2 inch flange connection

Single Bag
2 Inlet/Outlet Style
FSP-20 1 - Side In/Side Out - tnline
FSP-35 2 - Side In/Bottom Out
6 - Side In/Side Out - Offset
FSP-40 1 - Side in/Side Qut - Inline
FSP-85 2 - Side In/Bottom Out

3 - Side in/Bottom Qut
- 90° Elbow

6 - Side In/Side Out - Offset

TS - Carbon Steel

150 - 150 PSI

304 - 304 Stainless 300 - 300 PSI
Steel XXX - Customer
316 - 316 Stainless Specified
Steel
j FSP-20 & FSP-35
1NPT 1%2 NPT
1v.f NPT 2NPT
" FSp-40 & FSP-85
1NPT 1AG
. TYa NPT 1v4 FLG
1% NPT 1% FLG
2NPT 2FG
2¥2'NPT 2% FLG
- 3NPT 3FLG
4AG
DpHoT)
CA - Corrosion allowance
Coated
PSJ - Partial Jacket
FSJ - Full Jacket

Multi Bag
2 \ Connection Size
FSP-250 34" FLG
FSP-350 36" FLG
FSP-800 46" FLG
FSP-1000 48" ALG
FSP-1100 48" FLG
FSP-1300 6"-8" FLG
FSP-2000 8"-10" FLG
FSP-2500 8"-10" FLG
FSP-3000 810" FLG
FSP-3500 10"-12" FLG
FSP-4000 10"-12° FLG
FSP-4200 10"-14" FLG
FSP-4500 10"-14" FLG
FSP-4800 10™-14" FLG
FSP-5000 10"-14" FLG
CS — Carbon Steel 100 - 100 PSI
304 — 304 Stainless 150 - 150 PSI
Steel 300 - 300 PSI
316 - 316 Stainless XXX - Customer
Steel Specified

In line
Side out

CA - Corrosion
aliowance

Coated
PSJ - Partial Jacket
FSJ ~ Full Jacket

®

Filter Specialists, Inc.
100 Anchor Road, P.O. Box 735  Michigan City, IN 46361 ¢ 1-800-348-3205 » 219/879-3307 (Indiana) * Telex: 25929 o Fax: 219/879-0744

There are no expressed or implied warranties, including the implied warranty of merchantability and fitness for a particular purpose not specific herein respecting this
agreement or the product being sold hereunder or the service provided herein.

BEN
2 - Bag Style
<), C>-potioc
S - Snap Ring
11 = (1) #1 L 2-Side In/Bottom Out
@-ez | |6} sidelnsside Ot
. 13=(1)#3 -
14 = (1) #4
CS - Carbon Steel 150 - 150 PS)
:mswms 300300 PSI
316316 Stalnless
1NPT 1FLG
1% NPT 1% FLG
1% NPT 1% A6
2AG
SENPT 2% FLG
3NPT 3AG
4FLG

FST’s oompnehenswe manufacturing
control” philosophy insures that we
will maintain our status as the indus-
try leader in all phases of the filter
business. For more information, tech-
nical consultation, or details about
our custom design capability, contact
your FSI representative or our head-
quarters in Michigan City, Indiana.

BFV-6 7.3M ©2/95 FSI



FORM #190

MANUAL FOR THE INSTALLATION, OPERATION AND

MAINTENANCE
OF
FILTER VESSELS

FILTER SPECIALISTS, INC.

MICHIGAN CITY, INDIANA
(219) 879-3307

IMPORTANT!!

Read and Understand ENTIRE
Manual Before Operating
This Vessel

THIS MANUAL CONTAINS IMPORTANT
REVISED INFORMATION AND SUPER-
SEDES ALL PRIOR PUBLICATIONS.

JA 90 MR 90

NO 91




SAFETY

THIS MANUAL HAS BEEN PREPARED FOR THE SAFE INSTALLATION, OPERATION AND MAINTENANCE
OF FSI PRESSURE VESSELS. WARNING LABELS HAVE BEEN RE-PRINTED IN THIS MANUAL. THE
APPLICATION OF WARNING LABELS TO VESSELS IS BASED UPON VESSEL TYPE AND ADEQUATE
SPACE TO AFFIX LABELS. WARNING LABELS ARE NOT A SUBSTITUTE FOR READING AND
UNDERSTANDING THIS MANUAL.

LABEL FORMAT
A. HAZARD ALERT WORD
B. HAZARD AND CONSEQUENCE STATEMENT
C. INSTRUCTION STATEMENT

A WARNING

IMPROPER USE OF THIS VESSEL CAN CAUSE
SERIOUS INJURY, BLINDNESS OR DEATH.

A =

—» |READ THE VESSEL ASME CODE PLATE, WARNING
B. LABELS, AND THIS INSTRUCTION MANUAL FOR THE
INSTALLATION, OPERATION AND MAINTENANCE OF
FILTER VESSELS BEFORE INSTALLATION AND

C. =* |OPERATION.

. ALL LABELS MUST BE REPLACED WHEN LEGIBILITY IS LOST OR VISIBILITY IS BLOCKED.
LABELS HAVE A PART NUMBER IN THE LOWER RIGHT HAND CORNER FOR RE-ORDERING.

PROTECTIVE CLOTHING

WARNING: BEFORE OPERATING THIS VESSEL, OPERATOR SHOULD WEAR PROTECTIVE
CLOTHING INCLUDING PROTECTIVE GLOVES AND FACE SHIELD. IF HANDLING HOT LIQUIDS,
OPERATOR SHOULD WEAR HEAT-RESISTANT CLOTHING SUCH AS NOMEX GARMENTS TO
PREVENT POSSIBLE BURNING OR SCALDING. REFER TC MATERIAL SAFETY DATA SHEET
(MSDS) FOR SPECIFIC INSTRUCTIONS FOR HANDLING THE LIQUID AS SUPPLIED BY THE
MANUFACTURER OF THE MATERIAL.

INSTALLATION

L MOVING VESSEL
A. MOUNT VESSEL SECURELY TO A SKID AND MOVE SKID WITH FORK LIFT.
B. VESSEL CAN BE LIFTED BY MEANS OF A MULTI-LEGGED SLING CHAIN WITH A SAFETY

HOOK ATTACHED TO THE END OF EACH LEG. ATTACH THE HOOK OF EACH LEG TO AN
EYENUT AND SPACE LEGS AROUND VESSEL EQUALLY. (SEE FIGURE 1 - PAGE 2)



A WARNING

NEVER USE THE LID SUPPORT ARM TO LIFT VESSEL
DAMAGE TO LIFT ASSEMBLY WILL RESULT
VESSEL MAY DROP

TWO-LEGGED SLING
FOR VESSELS WITH (2)
OR (4) EYENUTS

FOR VESSEL WEIGHT, CHECK THE BILL OF LADING

2

THREE-LEGGED
SLING

EQUALLY SPACED
FOR VESSELS
WITH (3) EYENUTS,
AND (5) OR MORE
EYENUTS

NEVER USE LID
SUPPORT (DAVIT)
ARMTO LUFT
VESSEL.

FIGURE 1



. PLACEMENT OF MANUAL FOR THE INSTALLATION. OPERATION AND MAINTENANCE OF FILTER

VESSELS
THE END USER IS TO LOCATE ONE MANUAL FOR THE INSTALLATION, OFERATION AND
MAINTENANCE OF FILTER VESSELS ON EACH VESSEL AT FINAL INSTALLATION SO IT IS
VISIBLE AND ACCESSIBLE TC AN OPERATOR. '
I, MOUNTING
ALL VESSELS MUST BE PROPERLY BOLTED TO THE FLOOR BEFORE MOVING THE LID. THIS
WILL ASSURE VESSEL STABILITY AND PREVENT TIPPING.
NEW FLOOR CONSTRUCTION
A B C D
VESSEL LEG _ Mounting Anchor Amer. Stnd. Embed- Min.
/j\//"' Plt. Hole Thd. Dia. Plane Washer ment Pullout
/- CX2 Dia. ID | OD | THK
__{/ 17/32in 3/8 7/16 1 10 3 4000 Ib
—I 13.4 mm 8.5 11 254 25 76 1814 kg
A __,_1 }..._ 1in 1/2 916 1{1-3/81 13 4 7500 Ib
- e D 25.4 mm 12.7 143 | 349]| 33 101 3402 kg
(= y
~
— 3><B|-4—-
4000 P.S1.
CONCRETE '

EXISTING CONCRETE FLOOR
FOR VESSELS PLACED ON EXISTING FLOORS, USE THE FOLLOWING OR AN EQUIVALENT:

RED 1 — CHEM THREADED ANCHOR RCD
RED 1 — CHEM CAPSULES

REFER TO MANUFACTURER'S LITERATURE FOR PART NUMBER AND INSTALLATION INSTRUCTIONS.

ITW RAMSET/RED HEAD

U.S. 12 & LIBERTY TRAIL
MICHIGAN CITY, IN 46360
PHONE NUMBER: 219-874-4217
TELEX NUMBER: 258488
TELEFAX NUMBER: 219-874-7035

V. PIPING

THE PIPING MATERIAL USED SHOULD BE THE SAME AS THE BASE MATERIAL OF THE VESSEL.
IT SHOULD HAVE A RATING EQUAL TO OR GREATER THAN THE PRESSURE AND
TEMPERATURE RATING OF THE VESSEL.




V.  BELIEF VALVE

IT IS THE RESPONSIBILITY OF THE END USER TO PROTECT SYSTEMS COMPONENTS, SUCH
AS THE F.S.I. FILTER, FROM BEING OVER PRESSURIZED. THIS CAN BE ACHIEVED BY
INSTALLING A SYSTEM RELIEF VALVE. '

VI. PRESSURE GAUGE, TEMPERATURE GAUGE, AND VENT VALVE

F.S.I. DOES NOT SUPPLY THE VESSEL PRESSURE GAUGE, TEMPERATURE GAUGE, OR THE
VENT VALVE. IT IS THE RESPONSIBILITY OF THE END USER TO OBTAIN, INSTALL AND
MAINTAIN THE PROPER GAUGE, INDICATING VESSEL TEMPERATURE AND INTERNAL VESSEL
PRESSURE. (REFER TO FIGURE 2 - PAGE 6)

VII. GASKET

A WARNING

GASKETS CAN FAIL, CAUSING SERIOUS INJURY
AND/OR BLINDNESS.

GASKET MATERIAL MUST BE CHEMICALLY AND
TEMPERATURE COMPATIBLE WITH FLUID BEING
FILTERED.

NOTE THE OPERATING TEMPERATURE OF A GASKET MATERIAL CHANGES WITH RESPECT TO
THE FLUID TEMPERATURE AND QHEMICAL CONCENTRATION.

EACH F.S.1. GASKET IS LABELED TO SHOW THE VESSEL TYPE IT WILL FIT AND THE GASKET
MATERIAL.

" EXAMPLE:

LABEL FORMAT

VESSELTYPE = FS 3500, 3000,2500 30021
FSP 4000
GASKETMAT. = VITON

SPECIAL INSTRUCTION LABELS

GASKET INSTALLED
WITH LIPS TOWARD [T
CENTER OF VESSEL

USE ONLY FSI APPROVED GASKETS.




VI, SYSTEM CHECK

IT 1S ADVISABLE TO HYDRO-STATICALLY TEST THIS VESSEL WITH WATER TO DETERMINE IF
THERE ARE ANY LEAKS IN THE SYSTEM.

HOULD THERE BE ANY ESTION R IF ASSISTANCE IS NEEDED IN THE INSTALLATION
PERATION OR MAINTENANCE OF THIS VESSEL, PLEASE NTACT THE ENGINEERIN
DEPARTMENT, FILTER SPECIALISTS, INC., P.Q. BOX 735, MICHIGAN CITY, IN 4 . PHONE: (219)

879-3307 — FAX: (219) 879-0744

MAINTENANCE

I MANUAL LIFTING DEVICE: REFER TO FIGURE 2 - PAGE 6

THIS DEVICE CCNSISTS CF A THREADED STUD ITEM 16 WELDED TO THE LiD AND AN
INTERNALLY THREADED CRANK HANDLE IT.15.

A. KEEP THREADS CLEAN AND WELL LUBRICATED WITH A LUBRICANT ACCEPTABLE FOR THE
CUSTOMER'S APPLICATION.

B. THREADS SHOULD BE INSPECTED PERIODICALLY FOR WEAR AND TEAR. SHOULD THE
WEAR BECOME EXCESSIVE, PARTS SHOULD BE REPLACED BY AUTHORIZED F.S.1.

PARTS.

CRANK HANDLE | — P/N 26004 SPECIFY CARBON STEEL OR STAINLESS STEEL
VESSEL

* THREAD STUD — P/N 20521 SPECIFY CARBON STEEL OR STAINLESS STEEL
VESSEL

C. LUBRICATE THE SUPPORT AND SWIVEL BLOCKS (IT.14) OF THE DAVIT ARM WHICH
SUPPORTS THE LID WHEN OPENED. : .

1. HYDRAULIC LIFTING DEVICE: REFER TQO FIGURE 2- PAGE 6

F.S.1. OFFERS THREE BASIC LID LIFTING CYLINDER ASSEMBLIES. SEE TABLE (1) ONE - PAGE
6 FOR REPLACEMENT PARTS.

A. MAINTAIN THE HYDRAULIC RESERVOIR IN THE DUMP (IT.12) WITH HYDRAULIC FLUID.
REFER TO THE MANUFACTURER'S MAINTENANCE LITERATURE (ENCLOSED - SEE PAGE 7).
THE PUMP RELIEF VALVE IS FACTORY SET TO PREVENT EXCESS PRESSURE (1800 PSl).

B. CHECK THE HYDRAULIC HOSES (IT.13) PERIODICALLY FOR TEAR, ABRASION AND KINKS.
REPLACE IF NEEDED. '

C. THERE ARE TWO (2) NUTS ATTACHED TO THE END OF THE CYLINDER ROD. THE FIRST IS A
JAM NUT (GR5) (IT.10) AND THE SECOND A LOCK NUT WITH A NYLON INSERT (IT.11). IF
ITEM 11 IS REMOVED, IT MUST BE REPLACED WITH A NEW ONE TO KEEP iT FROM
VIBRATING LOOSE.

D. ON THE LIFT CYLINDER ASSEMBLIES, THE LID LOWERING RATE CAN BE SET BY
ADJUSTING THE FLOW CONTROL VALVE MOUNTED IN THE CYLINDER END CAP. ADJUST
SPEED SO THAT THE LID COMES DOWN SLOWLY. (IT. 19, FIGURE 3 - PAGE 8)

THREADED STUD MUST BE WELDED BY AN AUTHORIZED A.S.M.E. CODE WELD FACILNY.
THE VESSEL MUST BE REINSPECTED AFTER WELDING BY AN AUTHORIZED INSPECTOR.



REPLACEMENT PART LIST FOR LID LIFTING DEVICE

GENERAL APPLICATION CHART FOR VESSELS RATED AT 150 PSIOR LESS
AND NO CORROSION ALLOWANCE. PLEASE HAVE F.S.I. VERIFY THE ACTUAL

LIFT CYLINDER ASSEMBLY BY MATCHING IT WITH THE VESSEL SERIAL NUMBER

GRADE #5

FOR ALL OTHER VESSELS.
LIFT CYLINDER | HYD. PUMP| HYD. HOSE| HYD. CYLINDER LOCK NUT
MODEL NO. | ASSY.PT.NO. | PT.NO. PT. NO. PT. NO. LOCK NUT W/NYLON INSERT
252-3500 19982 26220 26222 3/4 BORE X 3 STK | 1/4-28 #2511 1/4-28#25116
#26010
4000-5000 | 402184 26221 26222 1-1/8 BORE X 3 STK| 3/8-24 #25117] 3/8-24 #25118
#26218
5500 and up| 404342 26221 26222 - |1-3/8 BORE X 3 STK| 455147 #25118
#26209
TABLE 1
LID LOCKED POSITION
TYPICAL VESSEL KED POSITION
NOT 7O SCALE LID UNLOCKED POSITIO

MANUAL LIFT ASSEMBLY
HYDRAULIC LIFT ASSEMBLY
ITEM DESCRIPTION 7 SAFETY PIN 14 SUPPORT BLOCKS
1 EYE NUT 8 VESSEL BODY davit arm
2 LID RESTRNG. BOLTS 9 SPRING 15 HANDLE
3 LID 10 JAM NUT 16 STUD
4 PUMP HOSE END 11 LOCK NUT 17 VENT
5 PUMP RELEASE VALVE 12 HAND PUMP 18 COLLAR PLATE
6 PUMP HANDLE 13 HOSE 19 FLOW CONTROL
VALVE IN CYL. END
| cap _

FIGURE 2




OPERATION

REMOVAL OF AIR

When hoses, cylinders and other components are connected
to build a system, air will be trapped in the system. To
function properly, the air in the system must be removed.
However, the hand pump does require air in the reservoir to
prevent a vacuum. |f the pump reservoir is totally filled and
the vent cap is closed tight, the vacuum created will prevent
oil flow out of the pump. Fill reservoirs only to level indicated
on the pump end cap.

SINGLE ACTING CYLINDER SYSTEMS

1. After all system components are connected to the hand
.. pump, check reservoir oil level. Fill to indicator mark on
the end cap. Replace the fill cap and be sure it is closed

DOUBLE ACTING CYLINDERS

(not in vent position). 1. After all system components are connected to the hand

2. Turn pump release valve to closed position. Operate hand pump check pump reservoir oil level. Fill to the indicator
pump until cylinder plunger is completely extended. mark on the pump end cap. Replace end cap and tighten

3. Invert cylinder (plunger end down). Open the pump (not in vent position).
release valve, as the plunger retracts, the air in the system 2. Place hand pump in a place where it will be higher than the
will be forced into the pump reservoir and replaced by oil. hydraulic cylinder. Lay the hydraulic cylinder on its side
Close the release valve. with the couplers facing up. ‘

4. Turn the cylinder upright. Operate the pump to cycle the 3. Ciose the pump release valve (finger tight). Operate the .
cylinder plunger. if air is out of the system, the plunger wilt pump to advance and retract the cylinder plunger three or
advance and retract smoothly. If the plunger is erratic, four times.
repeat steps 1 through 4. 4. Open pump release valve to retract the cylinder plunger.

5. Open the pump fill cap and check the oil level. Fill to the Check pump oil level. Add oil as necessary to restore
indicator mark on the end cap. correct level in the reservoir.

1. TOI adv?ncke qylmdglrl plt:ngt;e(;, tu;n ?umpﬂrelease 4. Pump can be operated from horizontal or
valve clockwise as iliustrated and close finger- vertical (as long as hose end is down.)

tight. CAUTION: To avoid release valve
damage, do not use tools to tighten valve.

PUMP IN VERTICAL
POSITION PUMP IN HORIZONTAL
POSITION

2. Operate pump handle.

oSS
ADVANCE RETRACT

3. To retract cylinder plunger, turn release valve
counterclockwise as illustrated.

MAINTENANCE

To check oil level in pump, open pump release valve to
allow oil in cylinder (if connected) to return to pump.
Remove fill cap. Add ENERPAC hydraulic oil until level
with mark on rear cap. DO NOT overfill. To function properly
all hand pumps require air int he reservoir. If oil level is too
high the pump will not operate. If hydraulic system is used
under extremely dirty conditions, frequently drain pump
completely. Refill with clean ENERPAC hydraulic oil. Install
fill cap and close it.

REPLACING COUPLER n

ASSEMBLING TO HOSE (FIGURE #1)

Ciamp the hexagon nut of the hose fitting in a vise as
illustrated. Remove the old coupler or rigid adaptor. Instail
new coupler clockwise on to hose fitting to a firm fit. Use high
guality thread sealer on threads (one wrap only).

A kit has been prepared for the purpose of replacing

a worn out seal and may be obtained at your nearest
authorized technical service center. Q

ASSEMBLING SPEE-D-COUPLERS
TO CYLINDER (FIGURE #2)
Use wrench to unscrew old coupler half from cylinder.

Thread new coupler to cylinder and tighten firmly. Use a high
quality thread sealant on coupler thread (one wrap only).

FIGURE #1 FIGURE #2
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OUTLET PRESSURE GAUGE

OUTLET VALVE

VENT (VENT VALVE LOCATION)

—- OUTLET —((f LH_/
+ l .‘l |
1

INLET PRESSURE GAL
(INTERNAL VESSEL P!
1
I ]
‘
—-Hi. 2 INLET 4
J D

ASME CODE PLATE /

i

TEMPERATURE GAUGE

1/4" NPT PLUG

-
DRAIN VALVE ——_| L
.
J 46
OPERATING DIAGRAM
FIGURE 3
LID

LIDS WITH NO LIFT MECHANISM — LID NUTS
SHOULD BE UNSCREWED FAR ENOUGH TO ALLOW
THE LID TO REST ON THE GASKET FREELY AND
PARALLEL TO THE VESSEL COLLAR PLATE.

FIGURE 4




PERA

A WARNING
HOT AND/OR CHEMICALLY ACTIVE LIQUIDS CAN
CAUSE SERIOUS INJURY AND BLINDNESS.
BEFORE OPERATING THIS VESSEL, OPERATOQ SHOULD WEAR PROTECTIVE CLOTHING,
INCLUDING PROTECTIVE GLOVES AND FACE SHIELD. IF HANDLING HOT LIQUIDS, OPERATORS
SHOULD WEAR HEAT RESISTANT CLOTHING, SUCH AS NOMEX GARMENTS, TO PREVENT POSSIBLE
BURNS. ‘
REFER TO THE MATERIAL SAFETY DATA SHEET (MSDS) FOR SPECIFIC INFORMATION ON MATERIAL.
THE MSDS IS SUPPLIED BY THE MANUFACTURER OF THE MATERIAL.
A WARNING
DO NOT EXCEED THE OPERATING LIMITS OF THIS
VESSEL AND GASKET.
SERIOUS INJURY OR DEATH CAN RESULT IF LIMITS
ARE EXCEEDED. @

FOR MAXIMUM PRESSURE, CHECK A.S.M.E. CODE PLATE OF VESSEL.
FOR MAXIMUM TEMPERATURE OF VESSEL, CHECK A.S.M.E. CODE PLATE.

FOR MAXIMUM OPERATING TEMPERATURE OF GASKET, CALL F.S.1., (219) 879-3307. THE MAXIMUM
GASKET OPERATING TEMPERATURE CAN CHANGE WITH CHANGES IN FLUID, CHEMICAL
COMPOSITION, TEMPERATURE, AND PRESSURE.

NOTE: DO NOT EXCEED THE LESSER OF THE TWO MAXIMUM TEMPERATURES.

I INITIA IN Vv
VESSEL MUST BE ISOLATED FROM SYSTEM — PUMP TURNED OFF AND LOCKED QUT; INLET
AND OUTLET VALVES CLOSED. REFER TO FIGURE 3- PAGE 8.

A. INSERT BASKET INTO SEAT. THE BASKET RIM FLANGE MUST COVER ENTIRE OPENING. iF
NOT, THE BASKET MAY COCK AND BE FORCED THROUGH THE OPENING UNDER
PRESSURE. REFER TO FIGURE 5 - PAGE 12.

B. INSERT NEW FILTER ELEMENTS, MAKING SURE THAT ALL BAGS OR CARTRIDGES ARE
PROPERLY SEATED. SNAP RING BAGS MUST HAVE THE SALVAGE ON THE INSIDE OF THE
BAG TO PREVENT BYPASS. REFER TO FIGURE 5 - PAGE 12.

C. INSPECT GASKET GROOVE AND GASKET. REFER TO FIGURE 6 - PAGE 13. IF GASKET IS
NICKED OR WORN, REPLACE ONLY WITH F.S.I. REPLACEMENT PARTS. FOR ORDERING
REPLACEMENTS, REFER TO VESSEL MODEL NUMBER AND SERIAL NUMBER.



. INSERT GASKET, MAKING SURE GASKET IS NOT TWISTED, AND IF A LIP TYPE GASKET IS
USED, THE LIPS ARE POINTING INWARD AS SHOWN IN FIGURE 6 - PAGE 13. IF GASKET
WANTS TO ROLL OUT OF GROOVE, STRETCH GASKET SLIGHTLY BY HAND, INSPECT
(RASKET SEAM, AND REFIT INTO GROOVE.

POSITION LID FOR CLOSING.

1. LIDS WITH NO LIFT MECHANISM — LID NUTS MUST BE UNSCREWED FAR ENOUGH TO
ALLOW THE LID TO REST ON THE GASKET FREELY AND PARALLEL TO THE VESSEL
COLLAR PLATE. REFER TO FIGURE 4 - PAGE 8. .

2. LIDS WITH A CRANK. REFER TO FIGURE 3 - PAGE 8.

a. ROTATE L;D OVER VESSEL SO THE EYE NUT AND BOLT BRACKET ARE IN LINE.

b. TURN CRANK TO LOWER LID.

c. REALIGN BRACKETS, IF NECESSARY, BEFORE LID SETS DOWN ON VESSE._ BODY.
3. LIDS WITH HYDRAULIC LIFTS. REFER TO FIGURE 2 - PAGE 6.

a. REFER TO STEPS E2a, E2b, and E2c.

b. HOLD HAND PUMP IN VERTICAL POSITION WITH HOSE END DOWN AND RAISE LID
SUGHTLY.

c. WITH ONE HAND, PULL SAFETY PIN OUT TO DISENGAGE IT. HOLD IN THIS
POSITION.

d. WITH OTHER HAND, CRACK OPEN THE PUMP RELEASE VALVE.

e. LOWER LID UNTIL IT ALMOST TOUCHES GASKET, RELEASE SAFETY PIN, ALIGN
EYEBOLT AND EYENUT BRACKETS, AND CONTINUE TO LOWER LID UNTIL IT
RESTS FREELY ON THE GASKET.

A WARNING

A FALLING LID CAN CAUSE SERIOUS INJURY AND
LOSS OF LIMB.

NEVER PLACE HANDS, FINGERS, OR LIMBS
BETWEEN LiD AND VESSEL.

ENGAGE ALL BOLTS. HAND TIGHTEN NUTS. REFER TO FIGURE 7 - PAGE 13.

. MODERATELY TORQUE NUTS AT 180° TO EACH OTHER, ROTATING AROUND THE VESSEL

UNTIL TIGHT. REFER TO FIGURE 7 - PAGE 13.

. CLOSE VENT VALVE. REFER TO FIGURE 3 - PAGE 8.

TURN PUMP ON.

OPEN INLET VALVE SLOWLY AND OBSERVE FOR LEAKS. SHOULD ANY LEAKS
APPEAR, CLOSE VALVE IMMEDIATELY AND CONTINUE WITH PART Il. REFER TO FIGURE
2- PAGE6.

. IF NECESSARY, FILL VESSEL WITH PRODUCT BY EVACUATING THE AIR VIA THE VENT
VALVE.

OPEN QUTLET VALVE. REFER TO FIGURE 3 - PAGE 8.
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OPENING AND CLOSING OF THE VESSEL LID
ADHERE TO THE FOLLOWING SEQUENCE. REFER TO FIGURE 2 - PAGE 6.

A DANGER

DO NOT OPEN A VESSEL UNDER PRESSURE.
ESCAPING FLUID UNDER PRESSURE CAN CAUSE
SERIOUS INJURY AND BLINDNESS. '

)

BEFORE OPENING VESSEL

1. TURN OFF PUMP AND LOCK IT OUT ‘
2. CLOSE INLET AND OUTLET VALVE

OPEN VENT VALVE. MAKE SURE THAT THE VALVE OUTLET IS SO PIPED THAT ESCAPING
FLUIDS ARE SO DIRECTED TO PREVENT PERSONAL INJURY OF THE OPERATOR AND
SURROUNDING AREA.

CHECK PRESSURE GAUGE TO MAKE SURE THAT THE ISOLATED VESSELS' INTERNAL
PRESSURE IS ZERO PS| GAUGE. REFER TO FIGURE 3 - PAGE 8.

. DRAIN FLUID FROM VESSEL BY GRAVITY FLOW THROUGH DRAIN VALVE. CLOSE DRAIN
‘VALVE. EVACUATION CAN BE ASSISTED WITH PRESSURIZATION. REFER TO "BLOW DOWN

PROCEDURES", PAGE 14.

LOOSEN LID NUTS AND SWING NUT AND BOLTS EREE OF LID. @

LIFT LID. '

LIDS WITH HYDRAULIC LIFTS:

HOLD HAND PUMP VERTICALLY WITH HOSE END DOWN. CLOSE PUMP RELEASE
VALVE AND PUMP UNTIL LID LIFTS HIGH ENOUGH TO ENGAGE SPRING LOADED

SAFETY PIN.
A WARNING

A FALLING LID CAN CAUSE LOSS OF LIMB.

SAFETY PIN MUST BE ENGAGED WHEN LID IS OPEN.

. ROTATE LID OFF OF VESSEL.

REMOVE FILTER BAG OR CARTRIDGES WITH CAUTION.

INSPECT BASKET FOR ROUNDNESS AND FLANGE CONDITION.

VERIFY THAT BASKET AND BAG BEARING SURFACES ARE CLEAN AND FREE OF NICKS.
INSERT NEW FILTER ELEMENTS, MAKING SURE THAT ALL BAGS OR CARTRIDGES ARE

PROPERLY SEATED. SNAP RING BAGS MUST HAVE SALVAGE ON INSIDE OF BAG. REFER
TO FIGURE 5 - PAGE 12.
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L. REMOVE GASKET, CLEAN GASKET GROOVE. IF GASKET IS WORN OR NICKED,
REPLACE ONLY WITH F.S.I. REPLACEMENT PARTS. FOR CORRECT REPLACEMENTS,
REFER TO THE VESSEL MODEL NUMBER AND SERIAL NUMBER. USE ONLY F.S.I.

AUTHORIZED GASKETS.
ROTATE LID OVER VESSEL AND ALIGN BOLT AND NUT BRACKETS.

SAME AS I F.
SAME AS|. G.
SAME AS | H.
SAME AS |.L.
SAME AS I J.
SAME AS | K.

c 4 »® 3O D O zZ

SAME AS I.L.

CLOSE LID. SAME AS E1, E2 AND E3, - PAGE 10.

IF A VESSEL STILL LEAKS, DEPRESSURIZE VESSEL AND RETORQUE BOLTS ACCORDING TO

STEP . G. - PAGE 10. IF VESSEL LEAKAGE CONTINUES, CALL F.S.1.

FILTER BAG
POLYLOC RING

7 \l
i |
gl
TYPICAL COLLAR
PLATE (ITEM 18
DWG. 10220) BASKET

STEEL RING BAG CARTRIDGE
NOTE: SELVAGE MUST BE SPRING SEAL
ON THE INSIDE OF THE BAG. ASSEMBLY
T
- T
T—>
A
FILTER
\ CARTRIDGE
W
/)
/ STEEL
s VESSEL BASE D SEAL RING
PLATE ‘
CENTER POST

COLLAR PLATE
BASKET

FIGURE 5




GASKET INSTALLATION

NOTE: LIP MUST BE

"~ QUTSIDE OF
SHELL

FACING IN TOWARD
CENTER OF VESSEL

4 WRONG ROUND SQUARE

IF GASKET WANTS TO CURL OUT OF GROOVE:
HANDSTRETCH, INSPECT JOINT AREA, AND
RE-INSERT INTO GROOVE.

“PREPARATIONS

~-CLEAN GROOVE
-PROPER ORIENTATION
~NO NICKS ON GASKET

FIGURE 6

NOTE: EXCESSIVE TORQUE SHOULD NOT BE
NECESSARY WHEN USING FSI SELF
ENERGIZING GASKETS.

FIGURE 7

STANDARD FSI VESSELS ARE DESIGNED TO USE GASKETS MADE OF SELF ENERGIZING
MATERIAL, SUCH AS BUNA, EPR OR VITON. THE TORQUE REQUIREMENTS TO SEAL A
VESSEL WITH SUCH GASKETS IS MINIMAL. IT IS, THEREFORE, NOT NECESSARY TO USE
EXTENSIONS OR CHEATER BARS WHEN TORQUING EYENUTS. FSI DOES NOT
RECOMMEND THE USE OF GASKETS MADE OF NON-ENERGIZING MATERIAL OR ROPE
TYPE GASKETS. THEY MAY REQUIRE EXCESSIVE TIGHTENING TORQUE. DUE TO THE
MANY VARIABLES THAT INFLUENCE TORQUE, EXACT VALUES ARE NOT GIVEN HEREIN.
FOR GENERAL TORQUE VALUES APPLICABLE TO YOUR PARTICULAR VESSEL, CALL

FILTER SPECIALISTS AT 1-800-348-3205.

13
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W DOWN P R

TO AID FILTER ELEMENT CHANGES, THE LIQUID IN THE VESSEL CAN BE EVACUATED PRIOR TO THE
CHANGE.

WARNING: THE GAS USED FOR BLOW DOWN MUST BE STABLE IN THE ENVIRONMENT OF THE FLUID
BEING EVACUATED.

1.  CLOSEINLET VALVE. REFER TO FIGURE 3 - PAGE 8.

2 CLOSE OUTLET VALVE.

3. OPEN VENT VALVE.

4 CHECK GAUGE — INTERNAL PRESSURE MUST BE ZERO,
5. OPEN DRAIN VALVE.

6. CLOSE VENT.

7.  CONNECT GAS TO VESSEL VIA VENT VALVE. USE ONLY IF GRAVITY EVACUATION DOES
NOT YIELD DESIRED RESULTS.

8. OPEN VENT VALVE SLOWLY.
9. CLOSE VENT VALVE AFTER METERING OUT FLUID.
10. DISCONNECT GAS.
11. CLOSE DRAIN VALVE. ’
12. MAKE SURE INTERNAL PRESSURE IS ZERO AND CONTINUE WITH OPENING INSTRUCTIONS.

- EILTER IN QPERATION

ONCE THE FILTER IS OPERATIONAL AND IN USE, THE DIFFERENTIAL PRESSURE SHOULD BE
CHECKED REGULARLY.IT IS SUGGESTED THAT WHEN THE DIFFERENTIAL PRESSURE ACROSS THE
FILTER ELEMENTS REACHES A PREDETERMINED AMOUNT, THE ELEMENTS BE CHANGED. IF THE
DIFFERENTIAL PRESSURE SUDDENLY DROPS, STOP FILTRATION IMMEDIATELY AND CHECK BAGS
FOR PROPER SEAL OR RUPTURE.

. MAY TIP tF NOT PROPERLY

BOLTED TO FLOOR.
¢ PRESSURE GAGE AND VENT VALVE

* A TIPPING VESSEL CAN CAUSE MUST BE INSTALLED IN ACCESS HOLE.
SERIOUS INJURY.
o FAILURE TO INSTALL PRESSURE GAGE
« PROPERLY BOLT VESSEL TO FLOOR AND VENT VALVE CAN RESULT IN
BEFORE ROTATING LID. SERIOUS INJURY WHEN OPENING THE
up.
o REFER TO MANUAL FOR THE
INSTALLATION, OPERATION AND » DIRECT VENT VALVE EXHAUST TO A
MAINTENANCE OF FILTER VESSELS. SAFE PLACE.

1289 . PT. NO. 35002 1289 PT. NO. 35001
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A WARNING

e GASKET SEAL MAY LEAK OR SQUIRT FLUID
UNDER PRESSURE IF THE LID OPENING AND
CLOSING INSTRUCTIONS ARE NOT FOLLOWED.

* SQUIRTING FLUID CAN CAUSE SERIOUS INJURY
OR BLINDNESS.

e READ THE MANUAL FOR INSTALLATION, OPERA-
TION, AND MAINTENANCE OF FILTER VESSELS.

e WEAR PROTECTIVE CLOTHING.

e WEAR FACE SHIELD.

e BEFORE OPENING, TURN PUMP OFF AND LOCK
IT OUT. '

¢ CLOSE INLET AND OUTLET VALVE.

e OPEN VENT SLOWLY-DIRECT EXHAUST TO
SAFE PLACE.

¢ INTERNAL PRESSURE SHOULD BE ZERO(0)
PSI GAGE.

* DRAIN FLUID VIA DRAIN VALVE.

e CLOSE DRAIN VALVE.

e UNBOLT LID LUGS.

® LIFT LID.

« ENGAGE LID SAFETY PIN (IF APPLICABLE).
« ROTATE LID, UNCOVERING VESSEL.

¢ CHANGE FILTER ELEMENT.

« REMOVE GASKET, CLEAN GASKET GROOVE AND
GASKET.

* INSPECT GASKET GROOVE AND LID SEALING
AREA FOR DAMAGE.

e REPLACE DAMAGED PARTS WITH F.S.I.
REPLACEMENT PARTS ONLY.

* REPOSITION LID, DISENGAGE SAFETY PIN
AND LOWER LID ONTO VESSEL SLOWLY.

* REPLACE WASHERS UNDER NUTS IF NECESSARY.
e ENGAGE ALL BOLTS, HAND TIGHTEN NUTS.

« NUT AND BOLT THREADS TO BE FREE OF RUST
AND FOREIGN MATTER.

® MODERATELY TORQUE NUTS AT 180° TO EACH OTHER
ROTATING AROUND VESSEL.

¢ CLOSE VENT VALVE.

o ACTIVATE PUMP.

¢ OPEN INLET VALVE SLOWLY. OBSERVE FOR
LEAKS. IF LEAK APPEARS, CLOSE VALVE AND
START OVER.

e IF THERE ARE NO LEAKS, OPEN OUTLET
VALVE SLOWLY.

1289 PT. NO. 35004

BLINDNESS, OR DEATH.

CODE PLATE.

FILTERED.

OPERATING TEMPERATURES.

VESSELS.
1289

A  WARNING

e VESSEL AND OR GASKET CAN FAIL IF
OPERATING LIMITS ARE EXCEEDED.

e A FAILURE CAN CAUSE SERIOUS INJURY,

¢ DO NOT EXCEED MAXIMUM OPERATING
PRESSURE PER VESSEL CODE PLATE.
* CHECK TEMPERATURE RANGE ON VESSEL

e CHECK TEMPERATURE RANGE OF GASKET
MATERIAL WITH RESPECT TOP FLUID BEING

* DO NOT EXCEED THE LESSER OF THE TWO

e SECURE LD BY TIGHTENING LID EYENUTS.

® READ THE MANUAL FOR THE INSTALLATION,
OPERATION, AND MAINTENANCE OF FILTER

PT. NO. 35000

A

CAUSE LOSS OF LIMB.
INSTRUCTIONS.

INSTRUCTIONS:
AT ANY TIME.

APPUCABLE.

WARNING

e RAISED LID MAY FALL IN THE EVENT OF A
HYDRAULIC OR MECHANICAL FAILURE.

o A FALLING LID CAN SERIOUSLY INJURE OR

* REFER TO F.S.l. OPERATING & MAINTENANCE

¢ READ AND UNDERSTAND THE FOLLOWING
- NO BODILY PARTS UNDER THE LID
- WEAR EYE PROTECTION IN CASE OF
HYDRAULIC COMPONENT RUPTURE.
- ENGAGE UD SAFETY LATCH WHERE

1289 PT. NO. 35003

©

A LGN e

-IF IMPROPERLY USED THIS VESSEL CAN
CAUSE SERIOUS INJURY, BLINDNESS
OR DEATH.

*READ ALL WARNING LABELS AND
MANUAL FOR INSTALLATION,
OPERATING/MAINTENANCE OF FILTER
VESSEL BEFORE USE.

.FOR ADDITIONAL MANUALS CALL
F.S.I. 1-800-348-3205

PT. NO. 35005




NMOSS POLYWELD® | |
. MONOFILAMENT MESH OFFERS HIGH
Nvo190 MONOFILAMENT FLOW RATES, LONG SERVICE LIFE, AND

NMG200 MESH FILTER BAGS CONSISTENT PERFORMANCE.




vl POLYWELD®
Mt MONOFILAMENT
' 3{3832 NMO200 MESH FILTER BAGS

FEATURES BENEFITS MICRON RATINGS
Welded seam construction No neédle holes — fluid will 5 55

not bypass filtter media

10 75

EJniform mesh openings Precise filtration 25, 100
Scoured finish High purity — oil and lubricant free 35 150
Large open area High through-put 45 200
Smooth fiber surface Excellent cake release

Superior resistance to blinding MATERIAL
Compacts to small volume Reduces disposal cost Nylon/Polypropylene
Heat set fabric Dimensional stability for |

consistent performance POLYLOC® POSITIVE BAG HOLD-DOWN

Mesh filaments will not shift or
deform under pressure

Monofilament yarn Abrasion resistant
Broad range of chemical resistance
High tensile strength
Unatfected by metal fatigue or corrosion

No loose fibers
STANDARD BAG SIZE COLLAR OPTIMUM FLOW RATES
#3-4"x 90" Polyloc 20 GPM
#4-4"x 15" Polyloc 35 GPM
Differential pressure: 35 PSIG maximum recommended
10 - 15 PSIG optimum change-out
1 -3 PSIG initia!
Operating temperatures: Maximum continuous ~ 200°F

Hermetic seal of filter bag within housing to
prevent liquid bypass

® 100 Anchor Road
P.O.Box 735 There are no expressed or implied
Michigan City, IN 46361 warranties, including the implied MANUEACTURED
warranty of merchantability and fitness
219/879-3307 for a particular purpose not spec:t::e

219/879-0744 Fax herein respecting this agreement or
the product being sold hereunder or IN THE.USA

Filter Specialists, Inc. 800-348-3205 the Senice proviied neren \M00e29s  ernvren i uea

M




SENT BY:Filter Specialists-Tx, @S-14-97 94:05PM 94490393 5128540734 # 3

B POLYLOC INSERT RING

. . HOR SNAPHIT B

INSERT RING DIAMETER OF BORE IN | TEFLON COATED * Rinp i
MEM |  PARTNO. | HOUSING COLLAR PLATE | INSERT RING "B"* Ring is Teflon coated on the
1 PS26345C 7.375/1.370 7379 outside f;:fm only. Coating is
2 PS26343C 7.380/7.375 7387 applied /o0y thick per side. Ring
3 PS26346C 7.385/7.380 1 7.396 is 316SS. Teflon is FDA grade.
T This bulletin is an abbreviated version
of drawing FSI #14018. L is sufficient
for the purposc of retrofitting filter
housings with Polyloc insert rings in the
field. Should you have anty questioas or
require greater detail, please contact the
\ FS1 Engineering Department.

OVERSPRAY

FSK

-~ and does not have a shallow rounded Lip or build-up of Teflon overspray. Return to Filter Specialists, Inc.
FSI il either of these conditions exist. 100 Anchor Road, P.Q. Box 735
Michigan City, Indiana 46360
219-879-3307 1-800-348-3205
Telex 25929

(1) Make a visual inwpection 1o ensure that this undercut edge is machined properly



Ordering Information:
"I --.der, use the abbreviations from the charts shown on
this page. The charts are color coded for your convenience.

«

Example: .
) 5F ]
PONG 10 P
- PENG 50 PEM

These codes describe the following bags:
1. Polypropylene Non-inserted Glazed Felt — 10 Micron — Plain —
#2 Size — Snap Collar Design — Reverse Collar Construction.

2. Polyester Non-inserted Glazed Felt — 50 Micron — Polyester
Multifilament Cover — #1 Size — Polyloc Collar Design — Inside Seams.

*Customer to specify micron rating if cover is used.

Filter Fabric Properties

Physical — Chemical - Temperature

Fair Excelient | Excelient 200°-240°
1.38 | 64-124 { Very Good | Very Good | Good Good Poor Good 275°-325°
2.56 [200-215 Poor Excelient | Good Fair Poor Excellent 500°-600°
1.4 58-128 | Excelient Fair Poor | Excellent Exfellenl Good 275°-300°
1.14 58-128 | Very Good Fair Poor | Excelient TEJ«:eIIenl Good 400°-450°
0.91 50-85 | Very Good | Excelient | Excellent | Excellent | Excellent Fair 200°-220°
1.69 | 1544 Good Excellent | E E Excellent Poor 160°-185°
2.30 a7 Poor Excelient | Excell E E t { Very Good |  450°-500°

THIS GUIDE CONTAINS GENERAL INFORMATION. ACTUAL USE OR SOAK TESTS SHOULD BE PERFORMED WHEREVER POSSIBLE

Unlike other bag manufacturers, we make all of our felts in-house.

This insures better quality control of your finished product. FSI's
“comprehensive manufacturing control” philosophy insures that we will
maintain our status as the industry leader in all phases of the filter
business. For more information, technical consultation, or details about
our custom design capability, contact your FSI representative or our
headquarters in Michigan City, Indiana.

®

Filter Specialists, Inc.
100 Anchor Road, P.O. Box 735 « Michigan City, IN 46361
1-800-348-3205 * 219/879-3307 (Indiana) * Telex: 25929 ¢ Fax: 219/879-0744
There are no expressed or implied warranties, including the implied warranty of merchantability and

fitness for a particular purpose not specific herein respecting this agreement or the product being sold
hereunder or the service provided herein.

Filter Bags

2 Micron Rating
PECG-polyester/cotton 1.3
PEIF-polyester inserted 1,3.5,10,15, 25, 50,
75, 100, 200
PENF-polyester 5,10, 15, 25, 50, 75,
non-inserted 100
PEIG-polyester inserted | 1, 3, 5, 10, 15, 25, 50,
glazed 75, 100, 200
PENG-polyester 5,10, 15, 25, 50, 75,
non-inserted glazed 100
V-rayon-viscose felt 3,5.10,15,25
TFE-teflon felt 10, 25, 50
N-nylon feit 5. 10, 25, 50, 100

POIF-polypropylene
inserted

1,3,5.10, 25, 50, 100

POIG-polypropylene
inserted glazed

1,3, 5,10, 25, 50, 100

PONG-polypropylene
non-inserted glazed

5, 10, 25, 50, 100

POME-polypropylene
micro-fiber

2A, 10A, 25A, A

HT-nylon nomex felt

5,10, 25, 50. 100

PEM-polyester muttifila-
ment mesh

75,100, 125, 150, 200,
250, 400, 600, 800

PEMO-polyester mono-
filament mesh
(special order)

5,10, 25, 50, 75, 100,
150, 200, 250, 400,
600, 800

NM-nylon muttifilament

100, 150, 800

mesh
——3 NMO-nylon monofila- 5,10, 25,35, 50, 65,
ment mesh 75, 90,800) 125, 150,
175, 20077250, 300,
400, 600, 800
PMO-polypropylene 250, 300, 400,
monofilament mesh 600, 800
S-saran monofilament 300, 600, 800

mesh

¢P ) plain (no cover)

PEM - polyester multi-
filament cover

G - fiber free finish

NMO - nylon monofita-
ment cover

NM - nylon multifila-
ment cover

Cerex — spun bonded
nylon

M — muslin cover

@ #2 size bag

© oty Loyl

1 - #1 size bag

3- #3size bag
4 — #4 size bag
5 - #5 size bag
"6 - #6 size bag
7 - #7 size bag
8- #8 size bag

9 - #9 size bag

S —metal retaining
ring-snap collar design
PC-1 - fits #1 cuno
housing
PC-2 - fits #2 cuno
housing
C0 - fits Commercial
filter housing
RP — fits Ronnigen-
Petter housing
RP - P - Plastic
ring for above

SS
316 ss ring
PVC
PVC coated ring
R
reverse collar

N
triple needle seam
A
adapter head
AUTO
inside seams
CH
cotton handle
L
loops

LFB-7 8M ©2/95FSt




OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

ATTACHMENT 7

GAUGE CHART FOR PRODUCT TANK (T-4)

Applied Earth Sciences, Inc. August 1997



GAUGE CHART FOR CYLINDRICAL HORIZONTAL

TRANK S

/750 L GALLOA 87 GALLON SCO CALLON| 1072 GdLLON
o 58" ia' x 68 42" x 93)5* S5 r 164”7
(WeHES | eaLious| weres | eacons | mernes (catious [IncHES [eaiLons
1 1 Cowl 2 1 3.4 ! 1 : 5.
2 4 2 3 2 9.7 2 . 1s
3 7 3 11 3 17.7 [ 3 28
L (! 12 & 17 " 27.2 : 4 . 42
5 16 5 24 5 37.7 ; s ! 59
& 21 6 31 é 49.2 : é 4
7 26 7 39 7 614, . 7 97
8 a1 8 47 8 Uee5 .8 118
9 37 9 - 86 9 88.0 9 1-2(23
10 13 - 10 - 65 10 102.3 10
1 LS 11 % un 17.0 1l 185
12 55 22 84 12 12,2 i2 209
13 61 13 93 13 47,7 13 234
1 67 L 103 A 163.6 .7 260
15 75 15 13 15 179.6 15 . 286 ;
16 80 15 ' 1R3 16 196.0 16 312 !
17 86 17 133 17 213,0 17 339 {
18 5 18 YN 18 230,0 16 . 366 '_
19 g8 19 154 19 248.5 19 . .393
20 104 20 144 20 263.4 20 42
21 - 110 21 174 21 280,3 21 443
2 . 115 22 184, 22 297.0 22 T 478
23 122 23 194 23 31%.0 23 507
Uy a»6 24 203 24 331.0 24 537
R5 131 25 ”13 25 347.8 £ 86g
-1 135 26 222 . 26 364.5 26 595
27 139 27 231 27 81,0 27 623
28 U3 28 23¢9 28 397.0 28 651
29 b 29 248 29 43,0 29 678
30 150 30 256 30 4Bk 30 704
81 263 31 43,6 31 730
32 27 32 458.3 32 756
33 276 33 47,5 33 781
34 281 34 486,.0 34 805
‘ 35 285 35 499.2 35 828
{ 36 287 36 5114 36 850
i 37 523.0 37 872
i 38 533, 38 894
| — Y Rwm
This chart wes using a . 935
’Mmmmnﬁgxﬁ 41 557.2 ‘Ll 953
e taks anly, a&d 1/2% o 42 560.0 :; . :Z:’
& B r pla oS4
o Mt:mm“ triker platos @ 997
45 . loo7 .
Y -39 1012 -

TOTAL P.B2




OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

ATTACHMENT 8

POLYETHYLENE VERTICAL STORAGE TANKS (T-5 AND T-6)

Applied Earth Sciences, Inc. August 1997



BV

Polyethylene Vertical
Storage Tanks

Part # Gallons Diameter Height Fill Opening
T1000 65 23" 38" 8"
* T10005 100 30" 36" 8"
T1001 120 38" 29" 8"
T1002 165 31" 55" 16"
T1004 220 42" 41" 8"
T1006 300 47" 48" 16"
T1007 300 35" 78" 16"
T1008 305 467" 48" 16"
{(T1010) 500 48" 71" 16
Ti011 525 46" 78" 16"
T1012 550 67" 42" 16"
T10125 675 . 69" 58" 16"
T1013 750 46" 112" 16"
T1014 1000 64" 79" 16"
T1015 1100 87" 51" 16"
T1016 1300 87" 58" 16"
T1017 1500 64" 115" 16°
T1018 1550 87" 65" 16"
T10181 1610 100" 56" 16"
T1019 1700 87" 70" 16"
T1023 2100 87" . 87" 16"
T1024 2500 95" 89" 16"
T1025 3000 95" 105" 16"
T1026 4000 102" 125" 16"
{1027 5000 102" 151" 16"
T O 5800 141" 97" 16"
1. 6000 102" 180" 16"
T1030 6500 120" P 1447 16"
T1031 9000 141" 144" 16"
T1032 10000 141" 159" ' 16"
T1034 12000 144" 185" 16"

Our polyethylene water and chemical storage tanks out-perform the more expen-
sive, traditional water storage systems for a variety of reasons. Because our tanks
are rotationally molded, they are seamless and watertight. They will never rust or
corrode and are nearly indestructible. Made of 100% virgin resin listed by the FDA

. for potable water storage, our polyethylene water tanks contain no colorants. All are
efficiently lightweight for easy transportation and installation.

Pickup Truck Tanks

Part # Gallons . Diameter Height Fill Opening
T0S00 210 60"/51" 28" 8"

- T0901 325 66" 33~ 8”

- T0902 425 67" 35" 8”

Volded to fit full-size, American-made pickups, the 325 and 425 sizes have low pro-
iles for better rear vision and feature fill openings offset to the side of the tank for
afe and easy access. Tough circular design adds strength. The 210 gallon tank fits
oth “mini” pickups as well as full-size models.

ClcHEMICAL
CONTAINERS, IN

C.




OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

ATTACHMENT 9

MISCELLANEOUS INFORMATION

Applied Earth Sciences, Inc. August 1997



(L] HAYWARD INDUSTRIAL PRODUCTS

D:D INSTALLATION OPERATION & MAINTENANCE
‘ ® OF TRUE UNION BALL VALVES

SOCKET CONNECTION:

Socket end connections are manufactured to ASTM D2467-87A. Solvent cementing of socket end connections to pipe should be performed per
ASTM specifications D2855-87. Cut pipe square. Chamfer and deburr pipe. Surfaces must be cleaned and free of dirt, moisture, oil and other
foreign material. Remove assembly nuts and end connectors from valve body. Slide assembly nuts, with threads facing valve, onto pipe to which
the end connector is to be cemented. Apply primer to inside socket surface of end connector. Never allow primer or cement to contact valve ball
or end connector o-ring sealing surfaces, as leaking may result. Use a scrubbing motion. Repeat applications may be necessary to soften the
surface of the socket. Next, liberally apply primer to the male end of the pipe to the length of the socket depth. Again apply to the socket, without
delay apply cement to the pipe while the surface is still wet with primer. Next apply cement lightly, but uniformly to the inside of the socket.
Apply a second coat of cement to the pipe, and assemble the end connector to the pipe, rotating the end connector 1/4 tum in one direction as it is
slipped to full depth on to the pipe. The end connector should be held in position for approx. 30 seconds to allow the connection to “set”. After
assembly wipe off excess cement. Full set time is a minimum of 30 minutes at 60 to 100 F. Full cure time should be based on the chart below.

JOINT CURE SCHEDULE;:

The cure schedules are suggested as guides. They are based on laboratory test data, and should not be taken to be the recommendations of all
cement manufacturers. Individual manufacturer’s recommendations for their particular cement should be followed.

Temperature  Test Pressures for Pipe Test Pressures for Pipe Test Pressures for Pipe Test Pressures for Pipe
Range During _ Sizes 1/2t01-1/4 In. Sizes 1-1/2t0 3 In. Sizes 410 5 In. Sizes 610 8 In.
Cure Period(B) Upto Above 180 t0 Upto Above 180to Upto Above 180 to Upto Above 180 to

°F(°C) 180PSI 370 PSI(1240 180 PSI 315PSI 1240) 180PSI 315PSI(1240  180PSI 315 PSI (1240
(1240kPa) t02550kPa) (1240 kPa) 102170 kPa) (1240 kPa) to2170kPa) (1240 kPa) to 2170 kPa)

60to 100(15t1040) 1h 6 h 2h 12h 6h 18h 8h 24h
401060 ( StolS) 2h 12h 4h 24h 12h 36h 16 h 48 h
20t040 ( -710 5) 6h 36h 12h 72h 36hA 4daysA 3days A 9 days A
10t1020) (-15t0 7) 8h 48 h 16 h 96 h 72 hA 8daysA 4daysA 12daysA
Colder than 10 (-15) Extreme care should be exercised on all joints made where pipe, fittings or ccment is below 10°F.

A: It is important to note that at temperatures colder than 20°F on sizes that exceed 3 in., test results indicate that many variables exist in the
actual cure rate of the joint. The data expressed in these categories represent only estimated averages. In some cases, cure will be achieved in less

time, but isolated test results indicate that even longer periods of cure may be required.
B: These cure schedules are based on laboratory test data obtained on Net Fit Joints (NET FIT=in a dry fit the pipe bottoms snugly in the fitting

socket without meeting interference).

THREADED CONNECTION:

Threaded end connections are manufactured to ASTM specifications D2464-88. F437-88 and ANSI B2.1. Wrap threads of pipe with Teflon tape
of 3 to 3-1/2 mil thickness. The tape should be wrapped in a clockwise direction starting at the first or second full thread. Overlap each wrap by,
1/2 the width of the tape. The wrap should be applied with sufficient tension to allow the threads of a single wrapped area to show through
without cutting the tape. The wrap should continue for the full effective length of the thread. Pipe sizes 2” and greater will not benefit with more
than a second wrap, due to the greater thread depth. To provide a leak proof joint, the pipe should be threaded into the end connection “hand
tight”. Using a strap wrench only. (Never use a stillson type wrench) tighten the joint an additional 1/2 to 1-1/2 turns past hand tight. Tightening
beyond this point may induce excessive stress that could cause failure.

FLANGED CONNECTION:

Flange bolts should be tight enough to slightly compress the gasket and make a good seal, without distorting or putting excessive stress on the
flanges. Suitable washers should be used between the bolt head and flange and the nut and flange. Bolts should be tightened in alternating

sequence.

RECOMMENDED FLANGE BOLT TORQUE

FLANGE BOLT TORQUE FLANGE BOLT TORQUE
SIZE DIA FT. LBS. SIZE DIA FT. LBS.
172 172 10-15 2 5/8 15-25
3/4 1./2 10-15 2-112 5/8 20-25
1 172 10-15 3 5/8 20-25
1-1/4 12 10-15 4 5/8 20-25
1-172 172 10-15 6 3/4 30-40

NOTE: USE WELL LUBRICATED METAL BOLTS AND NUTS. USE SOFT RUBBER GASKETS.



ADJUSTMENT:

¥XTREME CAUTION MUST BE TAKEN WHEN WORKING ON THIS VALVE.
E PIPING SYSTEM MUST BE DEPRESSURIZED AND DRAINED. PROPER CARE MUST BE TAKEN. CONSULT M.S.D.S.
1--ATERIAL SAFETY DATA SHEETS) INFORMATION REGARDING YOUR SPECIFIC APPLICATION.

Remove the assembly nut and end connector from the “adjust™ end of the body, or the complete valve body from the piping system. The front
face of the seal retainer indicates which direction of rotation tightens or loosens the seal retainer, with the word “tighten” and a directional arrow,
and the word “loosen” and a directional arrow. Direction of rotation may vary depending on date of manufacture. The Assembly nut should be
installed on the valve “hand tight”. Using a strap wrench only the joint may be tightened 1/2 to 3/4 of a turn past hand tight.

REPAIR:

Follow the adjustment sequence and informatién'above, but rotating the seal retainer completely in the “loosen” direction and remove it from
valve body. The o-rings and seals are now accessible for replacement using a “seal” repair kit. Carefully remove the o-rings from their respective
locations taking care not to scratch their sealing surfaces. Use a non-petroleum base lubricant to lubricate the o-rings, and re-assemble the valve.

See table below.

HANDLE (1) REQ ]
ISTEM(I)REQ J-_\
O-RING (1) ON 1/2” THROUGH 2" Moy /

MANUAL VALVES.
TWO (2) REQUIRED ON 2 112"
THROUGH 6" VALVES AND ALL

ACTUATED VALVES. | ASSEMBLY NUT (2) REQ ]
‘o A
P == == O-RING (2) REQ J

1 | 1
: L— o
i == P ; 9 i
T
—t——— — —+
| — b rm t
1 — — !
r P
1 | _ _ ¥ 1
, LJ LJ
SEAT (2
@REQ JEND CONNECTOR (2) REQ—I
BALL(l
@ SEAL RETAINER (1) REQ J
BODY (1 |
I (OREQ | B—RING(I)REQ

OPERATING PRESSURE

TEMPERATURE
Recommended valve stem torque to rotate
TRUE UNION, TRUE CHECK. & SINGLE ENTRY ONLY the ball 360° when valve is reassembled.
225 bl VALVE TORQUE
] SIZE IN*LB
80 ! 172" 30
5”50 N \P Jos ¢F o “
4120 NN N
] » 50
3 90 N ™ 1
* 6o N 11/4” 60
30 A1 T | 1ier 60
o \ i | 2" 80
60 80 100 120 140 160 180 200 220 240 260 280
TEMPERATURE °F 1" & 217" 140
4" &6 170
[BIS REV C

Jctober S, 1995



INSTALLATION, OPERATION AND MAINTENANCE
HAYWARD ELECTRIC ACTUATORS
ALL MODELS

WITH THE HAYWARD PRE-MOUNTED AND FACTORY TESTED, ELECTRIC ACTUATOR, MOUNTING KIT AND VALVE ASSEMBLY, THE
FIRST REQUIREMENT FOR PROPER INSTALLATION IS TO:

1.DISCONNECT POWER SUPPLY !

2.REMOVE THE ACTUATOR COVER.

INSIDE THE COVER YOU WILL FIND ALL OF THE APPROPRIATE WIRING DIAGPAM INFORMATION TO ALLOW YOU TO PROPERLY
INSTALL EACH ACTUATOR. ON THOSE MODELS REQUIRING MORE THAN FOUR (4) COVER SCRENWS, THE ADDITIONAL SCREWS
ARE PACKXAGED IN A POLYBAG INSIDE THE ACTUATOR.

THE INSTALLATION WIRING DOCUMENTATION HAS BEEN PLACED INSIDE THE ACTUATOR IN THE FORM OF A LABEL AFFIXED
) TO THE INSIDE OF THE TOP COVER OR PRINTED ON A FOLDED INSTALLATION, OPERATION SHEET.

SHOULD YOU HAVE PURCHASED AN ACTUATOR WITH MULTIPLE OPTIONS, WE MAY HAVE PLACED THE ADODITIONAL
INSTALLATION OPERATION DOCUMENTATION INTO A HEAT SEALED POLYBAG PLACED WITHIN THE SHIPPING CARTON. LOOK
CAREFULLY INSIDE THE CARTON TO 8E SURE THAT YOU DO NOT ACCIDENTLY DISCARD THESE IMPORTANT DOCUMENTS.

COMPLIANCE OF LOCAL BUILDING/ELECTRICAL CODES:

THE ELECTRICAL CONNECTIONS TO THE ACTUATOR MUST BE PROPERLY CONNECTED CONSISTANT WITH THE INSTALLATION
SCHEMATIC(S) TO THE TERMINAL STRIP(S) AFFIXED WITHIN THE ACTUATOR, OR IN CASES WHERE MULTIPLE ADDITIONAL
LIMIT SWITCHES HAVE BEEN INSTALLED, TO THE WIRE LEADS WITH PROPERLY SIZED WIRE CONNECTORS AS REQUIRED BY

CODE.

ALL HAYWARD ELECTRIC ACTUATORS CARRY:A TWO (2) YEAR WARRANTY FOR MATERIAL DEFECTS AND WORKMANSHIP.

ACTUATOR COUPLING

DO NOT USE COUPLINGS OTHER THAN THAT SUPPLIED WITH THIS VALVE/ACTUATOR COMBINATION FOR INTERFACE
BETWEEN THE ACTUATOR AND THE VALVE.

IMPORTANT TORQUE NOTICE

WHEN ATTACHING HAYWARD PLASTIC MOUNTING BRACKETS TO HAYWARD VALVES, THE FOLLOWING TORQUE
SPECIFICATIONS FOR TIGHTENING OF ACTUATOR MOUNTING BRACKET 8OLTS TO VALVES SHOULD BE FOLLOWED:

BALL VALVES:

BOLT SIZE VALVE SIZE TORQUE SPECIFICATION
1/4" THREAD 1/4 THRU 2° 25 TO 30 INCH POUNDS
3/8" THREAD 2 1/2" THRU 6~ 70 TO 90 INCH POUNDS

BUTTERFLY VALVES:

3/8™ THREAD 1/2" THRU 12* 100 TO 140 INCH POUNDS

EAIS REV.A 3/18/94



1S-US-223

INSTRUCTIONS FOR INSTALLING
Watts Water Pressure Reducing Valves

No. 223/N223B

Series U5 only
1APMO listed
INSTALL THE VALVE IN THE LINE WITH THE SUPPLY CONNECTED TO VALVE INLET (MARKED "IN ON CASTING) OR
WITH THE ARROW ON THE VALVE BODY POINTING IN THE DIRECTION OF FLOW.
These regulators can be installed horizontally in either an upright or inverted position, as shown or vertically and is a
matter of choice of accessibility for servicing the requiator. For example, in an upright position (Figure A) the strainer
area, on vaives so equipped, can more easily be cleaned out by removing the bottom plug and any collected sediment will
fall downwards. Accessibility for servicing the regulator section, however, may be less convenient.
When the valve is installed in an inverted position (Figure B), the “regulator section" is more readily exposed for simplified
servicing of the disc and seat, while the strainer can almost as easily be flushed out by turning the water supply on slightly.
NOTE: Regulator must always be installed in an accessible location to facilitate servicing.
For household use install the reducing valve, when possible so that the sill cack line is after or downstream of the reducing
valve as shown in diagram below. Before installing the reducing valve flush out the line to remaove loose dirt and scale
which might damage valve disc and seat. On valves having strainers the screen should be removed and cleaned at least
once every six months, more often if water conditions are bad.
TO READJUST reduced pressures, loosen check nut and turn adjusting screw clockwise to raise reduced pressure and
counter clockwise to lower reduced pressure.
When a reducing valve is used it makes a closed system; therefore, pressure relief protection must be provided on the
downstream side of the regulator to protect equipment.

MAIN LINE SERVICE LOW PRESSURE SERVICE

Annual inspection of all water system
safety and control valves is required
and necessary. Regular inspection,
testing and clieaning assures max-
imum life and peoper product function.

T0 SiLL COCK

FROM STREET MAIN
RN I —

METER

7

COLD WATER SUPPLY
r——_—

REDUCING VALVE
INSTALL
HORIZONTALLY OR
VERTICALLY

Recommended installation when regulator is used to control
flow through the booster heater to dishwasher.

WATTS
REDUCING T.&P RELIEF VALVE
VALVE

DISHWASHER

180° RINSEWATER BOOSTER

“ATTN. INSTALLER: After installation, please leave
this Instruction S!x_eet for occupant’s information."’

140° Incoming Water

CALIFORNIA PROPOSITION 65 WARNING

This product contains lead, a chernical known to the State of California to cause birth defects or other reproductive harm.

(Plumber: California law requires that this warning be given to the consumer.)

CONSUMER INFORMATION ABQUT CALIFORN!A PROPOSITION 65 WARNING

All faucets and products made of leaded brass alloys, even those that comply with U.S. Environmental Protection Agency regulations. contribute smait amounts of lead to water that

is afiowed to stand in contact with the brass. This product complies with all E.P.A. reguilations regarding the amount of fead used in plumbing brass and solder. The amount of lead

contributed by any faucet/product is highest when the faucet/product is new.

The foliowing steps will reduce potentiat exposure to lead trom faucets and other parts of the plumbing system:
 Always run the water for a few seconds prior to use for drinking or cooking.
* Use only cold water for drinking or cooking.
« |t you wish 1o flush the entire plumbing system of water that has been standing in the pipes or other fittings. run the cold water until the temperature of the water drops.

indicating water coming from the outside main.

« If you are concerned about lead in your water, have your water tested by an EPA-certified laboratory in your area.




Repair Kits...

When ordering, specify Ordﬁring Code Number, Kit Number and Valve Size.

.1

Series U5, 135 | Series 223

G2\l SEAT GASKET
SEAT || g —© DIAPHRAG UNION GASKET
a2 RAGM (tor ynion models only)
oIsC
i -
I A j
j 2
DISC SCREW BOTTOM PLUG
STRAINER PLUG GASKET
GASKET STRAINER SCREEN

Kit for No. U5, 135 includes parts shown above

Ordering Kit Valve Size
Code No. No. Series Inches
861460 A ¥
861465 “g” Ya
861470 “c ubs 1
861475 D 1%
861477 i 1%
861480 i 2,2%
861460 “A Y
861465 B 135 %
861480 g 1%

SEAT GASKET 53
{except %", %" oid style)

DISC SCREW

¥ &

Y e———

DIAPHRAGM
SEAT

DIsc

~ BOTTOMPLUG
GASKET

Kit for No. 223 includes parts shown above

Ordering Kit Valve Size
Code No. No. Series Inches
877104 %/223RK Y
861470 “c” %
861475 “D" 1
861477 “E" 223 1%
877494 1%223RK 1%
877500 2 223RK 2
877551 2%223RK 2V
877555 [2% N223RK N223B | 2% Bronze
878305 "| 3N223RK:| N223B 3 Bronze

B 5 T B e R SR
WATTS “THERMAL EXPANSION BY-PASS MODEL’* WATER PRESSURE REGULATORS
SERIES U5B, N223B

(except %4, %" old style)

1S-U5-223 9610

The use of a water pressure reducing valve normally
creates a closed system. When water is heated in a
closed system, it expands causing an increase in
pressure. This pressure may increase to the set
pressure of the relief valve (on the water heater) causing
it to drip, thus reteasing the expanding water and pro-
tecting the system against excessive pressure. This in-
crease in the system pressure over that regulated by
the reducing valve is called ‘‘thermal expansion
pressure’’.

Watts Thermal Expansion By-Pass Model water
pressure reducing valves, U5B and N223B are an
economical solution of this annoyance, since under cer-

REGULATOR
Watts industres. Inc.—

—Since 1874

VAT STOEREN RRAoRR Rhud S K B ¥ab 8o

Canada: 441 Hanlan Rd. Woodbridge, Ontario L4L 3T1

!gg! 9001
CERTIFIED

tain conditions it allows the expanding water to escape
back into the supply main before it can affect the relief
valve.

Effectiveness of the Thermal Expansion by-pass
feature is limited to systems where the street main
pressure is less than the setting of the heater relief
valve. Therefore, the highest allowable pressure set-
ting for the relief valve should be selected for widest
effectiveness of a by-pass.

When approved by local authorities, 150 |b. pressure
relief setting is recommended in accordance with latest
allowable pressure standards for gas and electric water
heaters.

LIMITED WARRANTY: Watts Regulator Company warrants each product against defects in materiat and
workmanship for a period of one year from the date of original shipment. in the event of such defects
within the warranty period, the Company will, at its option, replace or recondition the product without
charge. This shall constitute the exclusive remedy for breach of warranty, and the Company shall not be
responsible for any incidental or consequential damages, inctuding without fimitation, damages or other
costs resulting from labor charges, delays, vandatism, negligence, fouling caused by foreign material,
damage from adverse water conditions, chemicals, or any other circumstances over which the Company
has no control. This warranty shali be invalidated by any abuse, misuse, misapplication or improper
instatlation of the product. THE COMPANY MAKES NO OTHER WARRANTIES EXPRESS OR IMPLIED

EXCEPT AS PROVIDED IN THIS LIMITED WARRANTY.

EDP# 1910219

© Watts Regulator Co., 1996

Printed in U.S.A.



DUBPONT

PRODUCT DATA

TEFZEL 200,210+ 280



“INTRGOUCTION

Du Pont TEFZEL® fluoropolymers ate melt processible
thermoplastics with high performance mechanical, thermal.,
chemicat and electrical properties. Their outstanding prop-

PRODUCT DESCRIPTION

TEFZEL fluoropolymer resins are copolymers of ethylene
and tetratluoroethylene. They are high temperature ther-
moplastics readily processed by conventional methods
such as melt extrusion and injection molding. Comparsd
to other high performance resins, TEFZEL permits faster

The types of TEFZEL fluoropolymet resins are:

TEFZEL 20

A general purpose resin used in a variety of electrical,

. chemical and mechanica! applications.

{n electrical applications it Is used for signal, control, com-
munication and power wiring in mass transportation; in
back panel wiring: oil well logging cable; in control and
instrumentation wiring for chemical plants and utllities;
and to injection mold coll forms, sockets, connectou.
switch components and Insulators. .

The excellent mechanica! properties of TEFZEL provide
good service in items such as sea! glands, plpe plugs.
corrugated tubing, fasteners and pump vanes.

in chemical service TEFZEL is used for such things as valve
components, laboratory ware, chemical packings, pump
impeliers and battery and instrument components.

TEFZEL 210

The newest member of the TEFZEL fluoropolymer family
with the lowest viscosity provides the user with a high speed
processmg resin making it especially appropriate for use
in coating of fine wire and injection molding of siender,
thin-walled or intricate shapes. This resin is not recom-
mended for applications where mechanical integrity in high
temperature environments is required.

erties and ease of processing provide excelleat service
and significant use and processing economies.

processing rates resuiting in economically finished prod-
ucts. TEFZEL is recommended for applications requiring
mechanical toughness in harsh chemical and high tempera-
ture environments.

Well logging cable

_ Chemicel pump drip pan

Column packing



L 4

Valve body lining

TEFZEL 280

Recommended for applications or processing invalving
unusual thermal and mechanical extremes. TEFZEL 280
offers high flex life and stress crack resistance along with

good transparency.

Typical uses are for wire and cable insulation where tem-

-

o

N

b

.
N

L3

-

Control wire insulation

peratures up tc 200°C are experienced for short periods or
where repeated mechanical stress may be encountered at
150°C; transfer moldings and extrusions for lined chemical
equipment; injection molded parts with metal inserts; thick
sections or where the part will be exposed to repeated high
temperature stress: heavy wall wire and cable insulations:
and, stock shapes.

Processing Temp. Range

*ForunpigmenteC thicaretsas Comr 12 U T8IF A

e e
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TYPICAL PROPERTIES v

ASTM TEFZEL® TEFZEL® YEFZEL'®
PROPERTY UNITS TEST 200 210 280
Specific Gravity 0792 1.70 1.70 1.70
Tensiie Strength, 73°F. psi D170e 6500 6000 7500
Elongation, 73°F. % 01708 100-300 100-300 100-300
Flexura! Modulus. 73°F ps: D790 200.000 170.000 200.000
Flex Lite, MIT, 10 Mi{ Flexes 5.800 5.50¢C 12.60C
Impac? Strength {notched 1z0d)
—65°F. ft ib./in D256 >20 >20 >20
73°F. NO Break No Break No Break
Coetfficient of Friction
> 10 {pm. 100 psi C4 0.4 0.4
Hardness, Durometer D2240 75 D75 075
Rockwell R50 RSC R50
Dielactric Constant @ 107Hz 0180 26 2.6 2.6
10°Hz D150 25 26 2.6
10z D15C 2.6 26 26
Dissipation Factor @ 10’Hz D150 0.0C086 0.Coo¢ 0.0006
10°H2 0150 c.o0ocs 0.0008 0.0008
10442 D15C C0Cs 0.00¢ 0005
Dietectric Strength, Short Term
125 Mils Volts/mit D149 47c 40C 40C
12 Miis volts/mil D34S > 2000 > 200C > 2000 !
Voiume Resictivity OHv-CM D257 >l > 10 >0 :
Surfzce Resistivily OHM/SQ D257 >0 >10'" > 10" |
Meiting Point, DTA Peak 270°C 270°C 270°C i
(520°F ) (520°F ) (520°¢F ; ;
Temperature Ingex (No™'~ai 150°C 135°C 150°C i
Temperature Rahng) {302°F) (275°F ) (3C2°F ; .
Flammabitity’ UL-94 Ve vO Vo I
Heat Distortion @ 66 ps: D648 103°C 105°C 105°C !
12206°F ) (220°F (220°F :
@ 264 psi D64g 72°C 7C°C 70°C i
1 60°F | (160° {160°F ) l
Coe* ¢! Linear Therma' Exo
Per °F (73-167°F i Degs 7 Ex107? 7.6x:0? 76x10 ¢
Low Temperature Emdrittiement £745% « =1C0°C <=102°C ~—acC ]
(—=180°F ) (-15C°F ) (15077 !
Water Absorpticn % D57¢ < GLe2 <002
Weather Resistant Excellent Exceen Exce'lert
Chemical Res:starce Excellent Excel.ert Excelien:
Resista~ce 1o Hycraclic Fiuids Exceiient Excetienrt Excelient
PROCESSING CHARACTERISTICS !
Mell Fiow Number FmsHO min D315¢ €-1 30-€5 Z.&
3 £75.625 €60C-€5C 600-€50




" PROCESSING

three TEFZEL resins are tough, high temperature, mefl

scassible thermoptlastics that can be processed by con-
ventional methods such as injection molding, transfer
molding, compression molding, melt extrusion, etc. Be-
cause it Is a conventionally processed thermoplastic,
TEFZEL has gained quick acceptance among moiders and
wire coaters. It Is readlly extruded over aluminum or copper
wire plated with tin, nickel or sliver. Coloring is achieved
by edding & TEFZEL color concentrate. .

Du Pont has increased the ease and speed of processing
with the Introduction of TEFZEL 210. Moliders are partic-
vlarly impressed with the abillity of this resih to be molided
at high rates Into thin-walled, intricate shapes.

PROPERTIES

TEFZEL resins are tough, high-temperature thermoplastics
with excellent chemical resistance and eleztrical insutating

properties (see typical properties table).

AVAILABILITY _
. Each resin is avallable in 25-pound “Fiberpacks" with

removable polyethylene bag: 100-pound “Leverpaks" with
two removable polyethylene bags of.50 pounds each: or
1.000-pound pallets of ten 100-pound “‘Leverpaks'.

FREIGHT CLASSIFICATION

TEFZEL fluoropolymer resin is shipped by rail classified
as ““Plastics, Synthetic, OTL, NOIBN", by truck as “Plastics
Materials, Granules”, by express as “Plastics, Synthetic™.

Y

SAFE HANDLING .

1t is recommended that all safety precautions taken with
the handiing and processing of TEFLON® FEP be followed
when handling or processing TEFZEL. :

As with all organic polymers exposed to high temperatures,
good safety practice requires the use of adequate ventita-
tion. The heated fluoropolymer should be kept enclosed or
exhaust ventilation shouid be used to prevent inhalation
of fumes and gases that may arise. Heating may produce
fumes and gases that are Irritating or toxic. Similarly, care
should be taken to avold contamination ot smoking tobacco
or cigarettes with fluorine-contalning resins.

E. i. du Pont de Nemours & Co. (Inc.)
Plastic Products and Resins Department
- Fluorocarbons Division
Wilmington, Delaware 19898

DISTRICT OFFICES:

170 Mount Airy Road
Basking Ridge, New Jersey 07920

7250 N. Cicero Avenue
Lincolnwood, Chicago, lilinols 60646

Farmers Bank Building, 15th Floor
Wilmington, Delaware 19898

P. O. Box 8950, 80 Universal City Plaza
Universal City, California 91608

The Du Pont Company assumes no obligation or liabllity for any advice furnished by it, or for
resuits obtained with respect to these products. All such advice is given and accepted at the
buyer's risk. Du Pont warrants that the materials it sells do not infringe the claims of any United
States patent: but no license is impliled nor is any further patent warranty made.
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1ypes of Controllers

o/~ ¢ 2nntrol: A simple control system in which the device being
contioiled is either completely on if there is a deviation from set point,
or c--mpletely off if you are at the set point or within the hysteresis.

pr . 3onal(P) control: Control in which the value of the control out-

:s proportionat to the deviation from the set point. When the
prOCeSS variable enters the proportional band, the control output
decreases &s your process vanable approaches the set point. Usually,
the control output will be 50% when you reach the set point.

Integrai(t) control: Control that corrects fora “droop” or offset cond!-
tion which can occur when using only proportionat control. Occurs only
within the proportional band. The deviation from set point is integrated
over a selected time interval and added to the proportional signal in order
to move or “reset” the proportional band. The selected time interval is
somatimes called the number of resets per minute. Usually used with pro-
pc-»nal contro! for proportional-integral(Pl} contral.

D: “.ative(D) control: Contro! in which the value of the control output
is dependant on the rate of increase (or decrease) of the process vari-
able from the set point. The derivative of the deviation from set point is
taken and added to the proportional signal. Always used with at least
proportional controlf for proportional-derivative(PD) control. Helps pre-
vent overshoot during process disturbances.

PID contrel: Proportional-integral-Gerivative control. Conteol in which
the value of the control output is a linear combination of the error sig-
nal, its integral and its derivative. Provides precise controf and is used
for systems that have frequent disturbances.

F -y logic PID: Uses a set point modifier to create & temporary set
paint that aliows the controlier to racover mare quickly and smoothly.
The temporary set point changes continuously as you get closer to the
actual set point, s0 that overshoot at start-up and during process dis-
turbances is virtually efiminated. Optimizes system performance.

= INFO
& For heaters that can be used with our temperature controllers,

B Temperature Control B

Table of Ganlaents

Temperature SWItNes .......cccovvvieienicrennccciivinieennnnan. 1y
Temperature AlaTmMS ....o.eeeecieiieeceneeeaereerenenaes 1198-1199
Meters and Transmilters .........cooiiivirriinniiacciines 1299-1201
32aciop COBOHErS . veeerceeei v ceececercenrrneeanns 1202-1206
Panel mount COMtrollers ........ccocooeeeeeeiererecineeneens 1207-1210
Relays and HomsingS ......oe i rerenae 1211

Output Types

SPST relay: Single pole, single throw refay. An electrically con-
trolied mechanical switch that either opens or closes a circuit

SPOT reiay: Single pole, doubie throw relay. An electrically con-
trolled mechanical switch that in one posltion closes a circuit, and
in the second position, closes another circuit, breaking the first.

SSR: Sofid state relay. A electrically controfled switch that has no
moving parts. The switching action is done through a transistor.
Silent operation and longer kfetime than a SPOT relay. External
SSRs are used for systems that have a high current draw, which
might be too high for a refay that is built into the controller.

Pulse output for SSR: A logic signal that is used to actuate an
external SSR. See page 1211 for our external SSRs.

Analog output: Usuatly a 4-20 mA signal or a voltage signal
that is proportional to the temperature reading.

Powered output: Usually a three prong receptacie that pro-
vides 115 VAC power (or 230 VAC, depending on controlier) ta
heating or other control devices.

Output devices should not share a :

g see our "Heating Equipment” section on pages 410-427 common ground with controllers or inputs. =
HHOT |
wompact Temperature Switches
A Perfect to control system temperatures or to act as a final safety shutoff Brass or SS bhody 4" NPT
i
M Direct-acting—additional instrumentation, power, or amplification are not required ¥ THee——
0.688" dia §i-- 4| —1F=—aC—»
These electromechanical temperature i - . s e 4 I—
mﬁtd\es are designed for use in rigorous *: Specifications 1 7 J 0.250°
ustrial or laboratory conditions to control . o " - E
overheating of alr compressors, distilling Repeatabiiity: fa'F ('z2 C) at sl.andardnzed conditions w 2%-}50‘ >
machines, and other equipment. A bimetal Dead band: 15°F, +5°F (8°C, 23°C), nonadjustable -
£nap disc reversas from convex 10 concave Control output: SPDT refay rated for 28 VOC or
*Hon reaching temperature trip point, which 120 VAC, 5 A max, resistive, 3 A max, inductive; Inexpensive, compact
; «clivates a SPDT microswitch. 220 VAC, 5 A max, resistive. 50,000 cycles swiiches are easy
Do This double-snap action makes switches Eleuiriest cantecllons: 3 wigs, 121 20 AWG {o lnstail
130,00 practically shockproof and vibration proof. ) L 1L x Vie di wi-
17500 Epoxy sealing further shockproofs the mensions: 14 x 'Vie"dia Shpg wt: 0.2 1b (.0.'1 kg)

switches. Thin switch base allows good heat  Yeflon—Reg TM E. 1. du Pont de

Nemours & Co. g%

conductivity—when snap disc cools,

microswitch reverts back to normal position. Temperature Brass™, .- Stainless steel
trip point Catatog number<~. Y\ Price Catalog number Price
Three-wire design allows you to wire SPDT - < ~—1 -
: relay for either normally open (NO) or nor- 75.F (24.0) - E'gm?‘;i_' $55.00 £-93880-50 .y $65.00
) mally closed (NC) operation. 100°F (38°C) €-93850-02\)a 55.00 E-93860-52 ™y |  6€5.00
: 125°F (52°C) £-93880-04 ' $5.00 E-§3880-84~% | 65.00
Si'rpple to install—switches require very little 150°F (66°C) E-93880-06 55.00 E-93880-58 - . 65.00
glrlng and don't need shock ITIOUntS.| . 200°F (93°C) E-93360-08 55.00 €-93580568 s 65.00
witches are compact enough to easlly s = o360 03880.60" ]
thread into any %" NPT opening. Choose EZS.F (107_C) £ 10 55.90 £ - :5:
from brass or stainless steel. S0°F (121°C) E-93880-12 55.00 EW'“ 5
8-7676 § Call toli-free: (800) 323-4340 Cole-Parmer instrument Company

L3
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G. Refer to Fig. 6 for detailed connection to termina! studs. All hardware,
including terminal lugs, is supplied with unit.

Fig. 6. Recommended Method of
Connection to Electrical Terminals

Terminal Lug.
Closed-Ring Type)

Anti-Vibrational
Lockwasher

Notes
Tighten Assembly to Between
3and 5In. Lbs.

All terminal hardware (including

lug) supplied with unit. Terminal Stud

SAFE-PAK Models 22445, 25872, 25873
Latching SAFE-PAK Models 41705, 41715

™
e s HI-LO PAK Models 38705, 38710, 38715, 38720

An Sensors
imo

industies Instruction Bulletin No. 54477

H. Fusing of the SAFE-PAK to be in accordance with Fig. 1. Fuse F1 to be
6 amps "slo-blo”. 120 VAC for 120 V line voltage; 250 VAC for 240 volt
application.

I.  Protective cover (supplied) must be in place over sensor-connected terminals
of the PAK after wiring has been completed. (See Fig. 7)

Fig. 7. Mounting of Protective Cover
over Sensor-Connected Terminals of Unit

Nylon Nylon

tud Nuts Stud Cover e Nute
Q

Terminals

LATCHING SAFE-PAK

SAFE-PAK

Gems Sensors
One Cowles Road
Plainville, CT

.
e!"g“‘ 06062.1198

PIN 54477 - NSOrs 1o 880.747.3000
Rev. AA ot fax 860.747.4244

For use as an "intrinsically safe switch circuit" and in hazardous locations with non-
voltage producing sensors. When SAFE-PAK installation is in accordance with this
guide, these field sensors are suitable for Class I; Division 1, 2; Groups A, B, C and D
and Class II; Division 2; Groups E, F and G as defined by Article 500 of the National

Electric Code.

IMPORTANT!
Read carefully and completely before installing or connecting
SAFE-PAK, LATCHING SAFE-PAK or Hi-LO PAK units:

1. Assocliated Equipment - Caution: The SAFE-PAK must be mounted outside the
hazardous area. Only the switch or sensor terminals provide an intrinsically safe switch
circuit (see Fig. 1 or Fig. 2). [Exia] means associated equipment:

"Appareillage connexe”, located in safe area.

Fig. 1. Connection Diagram: Gems SAFE-PAK Models

Fuse F1
Input o\ _p—4
(Hot) vac o—f\)-l :
FuseF1[O_O O [Exia]

_E-@SAFE-PAK
Non-Hazardous

- ) Location

Hazardous
i—__o—/ Location

Sensor Switch

B

Note: For 120V application, only one fuse is required in the ungrounded
circuit of the input line.

Fig. 2. Connection Diagram: Gems Latching SAFE-PAK Models .
Fuse F1

o\ _»

(Hot) c»/\"?c—l
Fuse F1

O AC Oloail

Palrr e

—)
LOAD

Non-Hazardous
Location

Hazardous Location




2.

Mounting and Enclosure Considerations: ‘

A. Field wiring of intrinsically safe circuits is to be segregated from non-intrinsi-
cally safe wiring by use of suitable barriers, separate wireways or trays (See
Fig. 3). Wire insulation to be .010" minimum.

Fig. 3. Multiple PAK Units Grouped on
Common Earth-Grounded Mounting Plate

Earth Ground/d'—l
(2 Places)

D pre——

Non-Intrinsically
L—"safe Wiring

mr-ﬁ

(r

Common
Earth-Grounded

Mounting Plate\

-

I -
e 1B | = 3> PaK Units
v s

Ml .V

\

Resistance to ground
must be from bracket to

o | il

)|
41 \

=
. \ R

N earthing member to insure
Int;m\sl:lgqlly + integrity of system (must be
Safe Wiring below one ohm).

To Sensors

Note: All intrinsically safe wiring must be segregated from non-intrinsically
safe wiring and shall have a minimum insulation thickness of .010".

Screw
Mounting *Lockwasher
Plate
Notes
Grounding Hardware to be c = ¥
#8 or larger and Stainless *Lockwasher ﬁ
Steel.
Nut )
*Lockwashers to be internal . Terminal
or external tooth type. Lockwasher Lug
Nut

Fig. 5.
Mounting Plate Grounding Detail

B. Intrinsically safe and non-intrinsically safe connection points should be located
sufficiently apart to prevent any possibility of bypassing or miswiring during
installation or servicing of equipment.

C. The enclosure shall contain a cautionary statement as follows: "CAUTION:
ANY SUBSTITUTION OF COMPONENTS MAY IMPAIR INTRINSIC SAFETY".

D. The PAK mounting bracket must be grounded to insure intrinsic safety.
Resistance between bracket and ground electrode should be below one ohm.
(See Fig. 4 and Fig. 5 for recommended selection of grounding hardware and
refer to Article 250 of the National Electrical Code for methods and practices.)

Fig. 4. SAFE-PAK

Unit Mounting Detail

#10 Screw

*Note:
Lockwashers to be
internal or external
tooth-type.

*#10 Lockwasher

W#m Lockwasher

#10 Nut

Mounting
Plate

/

3. Installation of Sensor Switch and Running of Field Wiring:

A.

The nature of the sensor switch must be that it is a non-voltage-producing,
essentially resistive device, containing no energy-storing components.

The conductors of the intrinsically safe circuit should be sealed in a rigid metal
conduit at the point where the wiring enters the hazardous area. The wiring
and contacting device should be such that conductive dusts in the area will not
close the circuit in place of the contacts.

Hazardous area field wiring will store energy due to distributed capacitance and
inductance in proportion to its length. It is therefore recommended that the
characteristics (available from the manufacturer) of the cable be known and judged
against the length of run and atmosphere of exposure. The following conservative
chart is presented as a guideline in determining the limits of reactance for signal
loops in the hazardous area wiring for the SAFE-PAK series.

GROUP | CAPACITANCE INDUCTANCE
A&B 0.1 uf 3 mh

o] 0.2 uf 10 mh

D 0.3 uf 20 mh

Example: Typical values of capacitance for a twisted pair of copper
wires is between 20 and 60 pf per foot. Using a maximum value of 60
pf/Ft, groups A & B could have a run of 1500+ feet with safety.
Inductance of a typical twisted pairis between 0.10 and 0.20 uh/Ft,
thus making a cable run in this example essentially determined by the
capacitance.

Whenever possible, the actual measured parameters should be used in making
the determination of allowable length.

Shielded cable is not required; but if used in the application, the shield must be
returned to ground - the same as the PAK mounting bracket.

Non-intrinsically safe wiring cannot be run in conduit or open raceways together

PET ) SN P S PO DRRPAN | PNV SRS g SO
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Sensors

3rd Step - continued

HI-LO PAK, 2 versions:
1. 0.3 amp Version:
Solid-state switched outputs with these approvals:

U.L.-Approved intrinsically safe for Class I,

Groups A, B, C, D and Class I, Groups E, F, G, File #£44570.
MSHA-Approved to requirements of Schedule 2G under File #1662.
2.1 amp Version:
Features electromechanically switched outputs, without above approvals.
These units are bracket mounted in a non-hazardous location with the bracket main-
tained at ground potential. The protective cover (supplied) must be in place over the
sensor terminals after wiring has been completed. Ordinary commercial signal wire may
be used to connect the sensor, with no explosion-proof housings of any kind needed, an
important time and cost saver.

Open Board Controller, 10 amp.
Features electromechanically switched outputs. Cost-effective for use in non-hazardous

HI-LO PAK
(76 2 mm)
o ]
6-32 THD. o 0 0
|

000
' )

Open Board Controller

-1
(57.2 mm)

13/16°
(20.6 mm)

4

1-5/8° 3-1/8°
(41.3 mm) (79.4mm)
-
7/32°DIA.
2HOLES
' COVERNUT —
NYLON

TERMINAL COVER —
POLYSULFONE. MUST BE IN PLACE

applications and mounting in customer’s enclosures. Can be installed in a panel or other (723 fé?n)—-
housing and connected to the sensor terminals by signal wire.
o0 mm—]
" — T
Specifications 3 5/5 " (1) | «
HI-LO PAK Open Board {92 mm) wal {101.6 mm)
Controller LOAD
0.3 amp L 1amp outPuT ' SENSOR
40°F to 120°F 40°F to 140°F ’{ 1 o
Ambient Temp. Range (-40°C o0 49°C) (-40°C to 60°C) ] )
“OFF" Max. Current Leakage (mA) 5 3 10rgsmmon\ L
: THRU (4) PLACES AC INPUT
Switched Output, Load Current, 0.3 1 10
Maximum (amps,RMS) :
“ON” Voltage Drop, Max. (VAC, RMS) 2 —_ —
Switched Voltage (VAC, RMS) 120 120 120
Electrode Current, Max. Intrinsically —
Safe 200 pA
Output Input®” Max. Media™
Type Current Voltage g:,m: Function Resistance N:l:’ger
(Amps, RMS) (VAC, £ 10%) {K ohms)
NO P-D 10 112291 #
H?:LB (?T’]XK 03 NC P-U 10 112293 #
(Model 38700) - NO P-D 50 112292 #
120 NC p-U 50 112294 #
NO P-D 10 112295 #
HI1L%)mP3\K 1 NC P-U 10 112297 #
(Model 87900) NO P-D , 50 112295 #
NC p-U 50 112298 #
NO P-D 25 119865
Open Board 10 120 NC P-U 25 119861
Controller NO H-L 25 119869
NC Lt 25 119873
* P-D = Pump Down; P-U = Pump Up; L-L = Low Level; H-L = High Level.
Notes: 1. Consult factory for available 240 VAC style.
2. Consult factory for other resistance values that are available. 1&8‘« F a'XPreSS IHfO

# - Stock Jtems.

For a list of resistance factors of
common liquid substances, order
FaxPress Info #8200. See Page Z-2
for details. 1-860-747-4244.




How To Order

~ Foracomplete GEMS conductivity system, just follow these three steps.

I .
t) Choose the Conductivity Sensor
] S[ terminal head unit that best suits m
your application. T
See Typical Wiring Diagrams on previous page. o
Description I"ﬂw%l;g::glg Tt?";:erating Operating Part :
perature Pressure Number ;
1/2"NPT Mounting with Single Electrode 303/304 : ‘OzozgéiF 110821 »n
(Open Terminal) Stainless Steel (1@07 2°0) -d
400°F u
303/304 S.S. (205°C) 114806 5
2°NPT Mounting with triple Electrode adapter. éofogi'F w
Watertight GUA Junction Box. Brass (205°C) 114802 od

Other wetted parts: Epoxy.

an ’ Select Electrode length required.

GEMS electrodes provide broad chemical campatibility. They are easily unscrewed and Removable Cut-to-Length Electrodes

replaced when long-term chemical corrosion is excessive. An occasional wipe-down Va-20THD

cleaning of sensor electrodes is the only maintenance that is normaily required. When R} Length Part Number
:ustom-sized for your tank, order a length fonger than needed, then cut off the excess. f -

’ Use electrode spacers shown at right when incorporating multiple electrodes. 12" G0 em) —f 12_ 115267
Choose the appropriate number and length of electrodes for your application. Remem- aeroom | | A6 2 115384
ber, you can trim electrodes to size to custom fit your tank. Order a length that is longer -0 36" 115395
than needed and cut off excess. §0°(152.5 cm) 48 115395

72°(183.0em) M
60" 118694
gL 72" 120458
=i b= (6.3 mm)
316 Stainless Steel,
Epoxy-Coated, light grey

Teflon® Electrode Spacers

Part Number
_ For 3 Electrodes 113840
For 2 Electrodes 113839

Teflon is a registered trademark of Dupont Corp.

switching units or an open controller
board.

Order one HI-LO PAK relay for each sensor you're buying. You now have a rugged, de-
pendable, intrinsically safe liguid level detection system.

The HI-LO PAKS may be used with sensors shown or any other standard, conductivity-
type sensors. All units have a choice of sensitivity set points for the vast majority of
-equirements and are intrinsically safe.

Complete your Conductivity Level ‘
3rd > System with intrinsically safe HI-LO PAK"
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It's As Simple As 1-2-3 to Use These Systems For Dependable, and
Completely Automatic, Level Control for Electrically Conductive Liquids.

Conductivity Liquid-Level Control is SIMPLE and DIRECT... both in
concept and operation. Utilizing low levels of electrical energy and the
conductivity of the liquid itself, these solid-state systems provide
consistently accurate “on/off” switching for an almost limitless range of
liquid level control requirements.

Conductivity Liquid-Level Control .
consists of a single or multi- &
point sensor, cut-to-length
stainless steel electrodes,
and a controller. It is
specifically designed to
provide safe level

sensing and control -

for electrically
conductive liquids.
In tank refill or
pump-down
applications, the
controller
automatically
maintains liquid
level high and low
limits. The open
board controller can
be used for OEM
applications involving
non-explosive liquids.

How It Works

Differential level control shown below is typical. The
COM. electrode extends to the lowest point in non-
metallic tanks. In metal tanks the tank itself is the COM.
electrode. Liguid level is automatically maintained
between high and tow limits by the controller with either
PUMP-UP or PUMP-DOWN operation.

CONDUERVITY SENSOR

AC POWER SUPPLY

HI-LO PAK

TANK

ON/QFF

PUMP,
SOLENQID VALVE,
OR ALARM PANEL

PUMP-UP Operation (for Normally

Closed output).

When falling liquid level uncovers the LO electrode, the
controller output switches from N.O. to N.C. This turns
the load “on” to activate a pump or solenoid valve and

refill the tank. The load will remain “on” until the liquid

reaches the HI electrode, switching the controlier “off”
and shutting down the pump or valve. The load will re-
main “off” until the LO electrode is again uncovered.

Typical Wiring Diagrams:
Pump-Up Control, Normally Closed HI-LLO PAK

LOAD HI
LOAD
COM
O O

115 VAC = (vacl 10
oS

H! ELECTRODE
(S70P)

LO ELECTRODE (START)
COM ELECTRODE (i

Hi Level Alarm, Normally Open HI-LO PAK

LOAD  HI

L1000 [-+03

M
«g@ g
115 VAC = [VAC
T

Pump-Up (Pump-Down), Normally Closed
(Normally Open) Open Board Controller

120/240 VAC

HIELECTRODE
COM ELECTRODE

o
HI(1)
LOAD

O-
o L0(2)
PUMP o J)

PUMP-DOWN Operation (for Normally

Open output). '

Operation is similar for PUMP-UP except that the N.O.
controller load circuit is switched “on” when the liquid
reaches the HI electrode, and “off” when the LO electrode
is uncovered.

Pump-Down Control, Nor1ally Open HFLO PAK

LOAD Hl
LOAD o
115 VAC _VO§ l g

1

Hi Level Alarm, Normally Open Open Board

Controller
1201240 VAC

C

O—

L@

LOAD H:%)-

ALARM Lo 00 O
Low Level Alarm, Normally Closed Open Board
Controller
1207240 VAC

n
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Ordering Information

When submitting orders or inquiries,

please specify the following:

1. Size and type of meter (model
number, standard or temperature
compensated, etc.)

. Kind of gas to be metered

. Rate of flow to be metered -
maximum SCFH

. Maximum operating and test
pressure

. Ferrule size

. Swivel specifications

. Type of index

. Special requirements (sealing,
paint, accuracy spec., etc.)

w N
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Quality is a philosophy — an
attitude at Equimeter incorporated.
We take pride in our craftsmanship;
and through a team effort we con-
struct top quality products for you.

Active Engineering and Research
and Development Groups utilize

ystate-of-the-art computer aided
engineering and diagnostic equip-
ment to design and produce gas
metering products to meet the
uncompromising demands of today's
gas industry and enable you to adapt
to the ever-changing needs of the
future. This special balance of phi-
losophy, attitude, dedicated workers
and modern equipment assures you
— our customer — that quality and

performance have been skillfully
designed into every product.

One visit to our advanced proving
room will illustrate that every
Equimeter gas metering product is
inspected and proved accurate
beyond any question. Rest assured
that Equimeter products undergo
more than an end-of-the-line inspec-
tion. Equimeter products are built
with our reputation at stake; a repu-
tation founded on years of experi-
ence, earned by the pride and skills
of hundreds of dedicated profession-
als. And backed by sophisticated
Quality Assurance instrumentation
used at critical points throughout the
manufacturing process.

ety

This Is the residential gas meter proving room. In this room meters are
individually calibrated to insure accuracy is within the tolerance demanded

by you — our customer.

© Copyright 1990 Equimeter Incorporated



Single Joint G_—Equimeter

Residential Gas Meters nCoRr
A BTR Company

R-275 These Class 250 residential meters
are an improved revision of the
275 SCFH R-200 family. The latest design

concepts and modern engineering
materials have been combined to
provide a lighter weight, easier to
handie, more durable meter which

y ' requires less maintenance and offers
greater life expectancy.

R-315 These Class 250 residential meters
are an improved revision of the

315 SCFH R-200 family. The latest design
: concepts and modern engineering
materials have been combined to
provide a lighter weight, easier to
handle, more durable meter which
requires less maintenance and offers
greater life expectancy.

The Equimeter #415 continues to be
the real workhorse in the Class 400
residential meter series. Its durable
construction permits operation up to
2" W.C. differential to provide 900
CFH of 0.6 Sp. Gr. gas.

“#415
415 SCFH

Note: All capacities are maximum, based on 0.6 Sp. Gr. gas measured at 4 0z. base pressure and 60°F at 1/2"
W.C. differential pressure—in accordance with B109.1 specifications. Recommended meter operating temperature
range: -30°F to + 150°F. See temperature compensation description page 8.
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o Temperature Compensation Element —

the improved design has increased
strength to minimize deflection from valve drag.
it is more rugged and linear in movement, thus,
more accurate in compensation.

Crank Bracket - a simplified multi-purpose
design incorporating internal valve guides
and index shaft support. Fine tolerance,

attained through precision molding, provides \

accurate positioning of the crank support. Low
friction polymer eliminates need for lubrication.

Valve Seat — close tolerances achieved

through molded phenolic construction
minimize seat wear while providing a much
smoother operation with a significantly lower
differential. Incorporates easily installed
external vaive guides.

Valve Cover and Links ~ precision parts

of engineered plastic materials reduce
friction and are inert to chemicals and
condensates commonly found in gas lines.
Simple snap-on design with common left and
right link reduces your parts inventory. This
design reduces the job of valve replacement.

index Drive Shaft — molded “dog” locks to
brass index shaft eliminating “siop” often
encountered in proving.

Gaskets are made of tough, resilient cork

and neoprene composition and the linear
amount of gasket is an absolute minimum due
to “single-joint” design. This significantly
reduces the chance of leakage.

Synthetic Rubber Glands in the cover

stuffing box and in the valve plate to seal
the flag rods assure positive pressure sealing
at these critical points. The gland design
produces pressure integrity with a minimum
amount of drag.

e One Piece Flag Rod - closely controlied
dimensions improve parallelism of all
vertical segments. Greater distance between
bearing points has been designed to provide

lateral stability. Easy to position and install.

0 Molded Port & Pan with integral dia-
phragm stabilizers—one piece construc-
tion, of glass fiber reinforced material,
increases strength and eliminates a potential
leak point. Integral stabilizers provide positive
positioning of the diaphragm assembly.

@ E-Clips —plated steel clips install easily,
facilitate repairs, and minimize parts
inventory.

Bodies and Covers are of die-cast
aluminum alloy to provide corrosion
protection with minimum weight. Meters re-
ceive both prime and finish coats of paint to
rovide additional protection and enhance

derior appearances.




Module Replacement Program

Because of the “single joint”
design of the Equimeter residential
meter, easy replacement of all
internal working parts is possibie. A
new measuring module can be
installed simply by removing and
replacing several screws.

Listed below are the modules )
available for our current line of
residential meters. They are avail-
able in standard or temperature com-
pensated construction and can be
inserted into existing bodies and
covers and calibrated in your shop.

This program is important in your
long range planning. It means that
the Equimeter meters you purchase
today can be updated to new condi-
tion years from now at two-thirds or
less of the cost of new meters.

Consider updating your meter
population at a fraction of the cost of
new meters. For your immediate
r’-2ning, many of the modules listed

w fit into older Equimeter meters
— those currently in your system that
need attention now.

Module Part Numbers

Meter Model Standard Temp. Compensated
S-200, R-200 001-63-502-54 001-63-502-55
$-275, R-275 001-63-502-06 001-63-502-07
R-315
MR-4, MR-6 001-63-502-22 001-63-502-23
MR-5, MR-8 001-63-502-19 001-63-502-20
MR-9
#415 001-41-502-70 001-41-502-71
MR-12 001-41-502-72 001-41-502-73




Tin Meter Replacements @_.'quimeter

INCORPORATED

; @ A BTR Company
Many utility companies are labor required to repair tin meters. the 5 Lt. and 10 Lt. tin meters, with-
replacing their tin meter population Equimeter offers a complete line of out any need for special connections
because of the high cost of skilled residential meter replacements for or modifications to the meter set.

RT-230 The RT-230 has 5 Lt. connections on
1 ' 11 1/4" centers and makes use of the
210 SCFH internal working parts of the R-275

residential meter.

' The same R-275 is converted to an
RT-275 RT-275 by fitting it with 10 Lt. con-
250 SCFH nectigns of 11 1/4" centers.

i

Note: All capacities are maximum based on 0.6 Sp. Gr. gas measured at 4 0z. base pressure and 60°F at
3 1/2" W.C. differential pressure in accordance with B109.1 specifications. Recommended meter operating
% temperature range is -30°F to +150°F. See temperature compensation description on page 8.




Temperature Compensation

All Equimeter residential gas
meters can be equipped with a bi-
metallic element that will automati-

cally correct for changes in gas tem-
perature and convert line volumes to
the common base temperature of
60°F.

The fundamental ditference in a
temperature-compensated meter is
the tangent. It features twin bi-
metallic elements as the active or
compensating members. The tangent
is mounted in such a way that
temperature variations, causing
expansion or contraction of the bi-
metallic element, alter the volume of
gas displaced per revolution of the
meter. This automatically causes the
meter to speed up or slow down as
required and does not affect valve
timing.

Today, Equimeter's TC element is
better than ever. It assures stable
meter operation and accurate correc-
tion for gas temperature variations.

A temperature compensated meter
can be outwardly identified by a
difference in the manufacturer's
badge color along with a “TC" notation
on both the badge and the meter
index. Standard meters have blue
badges. TC meters have red manu-
facturer's badges.

The typical temperature compensa-
tion performance is within an accuracy
band of +2% over a flowing gas tem-
perature range of -20°F to 120°F.

Test Meters

Equimeter Test Meters are appli-

cable where minute quantities of gas
1ust be measured with a high

agree of accuracy. They are used in
tactories, showrooms, laboratories
and various testing departments.
Some utilities use them to demon-
strate to customers the amount of
gas consumed by ranges, furnaces,
clothes dryers and other gas appli-
ances.

One of the more popular uses of
the smaller test meter has been in
the area of pollution control. The En-
vironmental Protection Agency has
set standards of performance for
limiting gaseous and particulate
emissions from factories. Federal,

state and local pollution control
authorities have discovered a need
for dependable precision instruments
to sample and evaluate pollutants.
Equimeter Test Meters are being
used extensively in stack sampling
and pollution monitoring devices.

Operation

All Equimeter Test Meters are
equipped with a special test index.
This test index has a sweep hand
which can be compared to the sweep
hand on a stopwatch. Minute
amounts of flow are precisely meas-
ured on the finely graduated sweep
hand circle. Timing of the sweep
hand accurately determines small
flow rates.

Test Meter Models Available

Model Capacity-SCFH of 0.6 Sp. Gr. gas @ 1/2" w.c. diff.
S-275 250
R-275 275
R-315 315
[ #415 415

Note: Capacity ratings based on connections as per ANSI B-109.1.

8
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Equimeter Series

for Meter Reading Technology

(ZEquimeter

INC ORPORATETD
A BTR Company

TouchRead® Automated Meter Reading & Billing System

TouchRead® Automated Meter
Reading & Billing System

Equimeter's TouchRead Auto-
mated Meter Reading and Billing
System helps increase reading
speed, virtually etiminates callbacks !
and reduces reading and billing
errors. TouchRead System-equipped
meters are read by iouching the tip of
a reading gun to a remote or meter-
mounted TouchPad and pressing a
button on the gun's handle. The
meter is instantly read, and its data is
electronically transferred to a Solid
State Electronic Route Book carried
by the meter reader.

Electronic Communications Index

Each Equimeter Electronic Com-
munications Index contains an elec-
tronic chip for transmitting meter
reading data to a remote TouchPad
which, in turn, transfers it to a
TouchRead System reading gun, on
command. A built-in index enables
the index to be read visually, if
required.

Indexes are available for alumi-

num case residential meters through
Class 400. They can be factory
installed or retrofitted in the field.
They are available for Equimeter
residential meters and competitive

" meters with adapter assembilies.

Indexes are fully compatible with
centralized automatic meter reading,
for installation today or for future
conversions.

Solid State Electronic Route Book
This device accepts electronic
data entry from TouchRead System-

equipped meters. It can also be
instantly switched to a manual
reading mode, for accepting visual
readings entered through its built-in
key-pad. These devices can be
easily programmed to store route
information, meter account informa-
tion, meter reader prompts and
questions or alerts about individual
accounts.

TouchRead System Reading Gun
Designed for use with Solid State

Electronic Route Books, TouchRead

System electronic meter reading

guns are lightweight and easy to use.
Meter
reading
data is
obtained
by
touching the tip of the gun
to a meter-mounted or
remote TouchPad and
pressing a button on the
gun’s handle. The data is
instantly transferred to the
Route Book carried by the
meter reader. TouchRead System
electronic meter reading guns help
eliminate visual meter readings, and,
when properly used with TouchRead
System equipment, they increase
meter reading speed and virtually
eliminate reading errors, compared
to manual direct-read methods.

TouchRead equipped meters can
be electronically interrogated by
other hand-held computer systems
available today. Minor modifications
are required to existing hand-held
systems.

AutoRead™ Centralized Automatic Meter Reading

Automatic Meter Reading (AMR)
from Equimeter is a telephone-
based, call-outbound system, for
utility control and reliable, low-cost
meter reading. The Equimeter Meter
Intertace Unit responds to calls
initiated through AMR software
installed on an IBM-PC at your office,

either automatically, for routing
reading, or on demand, for final
reads or usage monitoring. It works
without batteries or interfering with
the customer's phone usage.

A simple three-wire hook-up of an
Equimeter Electronic Communica-

tions Index provides input from
Equimeter and other residential
meters to the Equimeter Meter
Interface Unit (MIU). Access to the
MIU is obtained through telephone
company central office equipment.

The future for today and
tomorrow.

Management Reporting and Billing

Equimeter's TouchRead System
automates the billing and manage-
ment report preparation processes
using software designed for IBM-PC

computers. Depending on the utility's
requirements, billing and manage-
ment reporting software is available

for use with a stand-alone PC and
printer, or for interfacing with a
mainframe computer.

For more information on Equimeter’s TouchRead and AutoRead systems see Bulletin M-1007



Residential Gas Meter Indexes

EEEEO%

CUBIC
FEET

- 4
LASS I75-280 CLASS 175-250 FEET \ == J
Standard Clrcular Reading Plastic Standard Direct Reading Plastic Test Meter Index -
Index Assemblies
$-275, R-275, R-315 #415
Index Number of Teeth index Number of Teeth
Type Assembly index Stuffing Assembly Index Stuffing Dial
with Drive Gear Drive Box with Drive Gear Drive Box
Part Number Gear Gear Part Number Gear Gear
001-63-538-03 12 24 - - - 3 Circle ~
Plasti 001-63-538-05 1 11 001-41-538-05 18 18 4 Circle
c"‘:}l:r 001-63-538-10 11 11 001-41-538-10 18 18 4 Circle
Reading 001-63-538-11 11 11 001-41-538-11 18 18 4 Circle
001-63-538-15 11 11 001-41-538-15 18 18 4 Circle
001-41-538-25 18 18 4 Circle
001-63-538-62 11 ) 1" 001-41-538-62 18 18 5 Wheel
001-63-538-63 1 11 001-41-538-63 18 . 18 5 Wheel
Plastic 001-63-538-68 1 11 001-41-538-68 18 18 4 Wheel
Direct 001-63-538-69 1 11 001-41-538-69 18 18 4 Wheel
Reading 001-63-538-66 12 24 001-41-538-66 12 24 4 Wheel
001-63-538-70 1 1" 001-41-538-70 18 18 4 Wheel
001-63-538-64 16 16 001-41-538-64 16 16 6 Wheel
Test 001-63-537-83 16 20 001-41-537-83 13 20 4 Wheel
indexes 001-63-538-93 12 30 001-41-538-93 22 10 4 Wheel
001-63-537-97 12 24 001-63-537-97 12 24 4 Wheel

10



Rockseal “Tamper Obvious”

Devices
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Devices-Rockseal Index Box

Rockseal index box screws,
Fil. Hd. Stl. Mach. Screw
(10-24 x 11/16") Part
Number 950525

The Lexan® Rockseal index

box has molded recesses at
the upper left and lower right
corners into which molded

Rockseal plug 001-63-056-05
packaged either 100 or 1000
pieces per package.

Kit consisting of:
1 index box

2 Rockseal plugs
4 screws

« 001-63-656-50 with drains
« 001-63-656-51 without drains

plastic plugs are inserted to A - N P
cover index box mounting
screw heads. Front View
Part Number 001-63-006-05 With Drains
001-63-006-06 Without Drains

Equimeter Lexan® Index Box

Lexan is a registered trademark of General Electric Corporation.

Rockseal Handhole Plate Device-Cross Section

6 Rocksea! Plug 001-63-056-05
4 Handhole Plate Seal Cup 001-63-057-02
Handhole Plate Seal Spacer 001-63-053-01
Handhole Ptate 001-60-004-00 Handhole Plate Mounting Screw (#10-24 x 111 6') 950532
Handhole Plate Gasket 001-63-160-50—
- i Kit consisting of Rockseal plug, seai cup, seal spacer and
Meter Cover Castmg/' mounting screw is part number 001-63-656-00. Components
packaged individually in lots of 100 pieces per package.
Index Assemblies
§-275, R-275, R-315 #415
index index First
Type Assembly Assembly Legend Reading Proving Description
with Drive Gear with Drive Gear Circle Hand
Part Number Part Number
001-63-538-03 - Cu. Ft. 1000 1 Standard-C.C.W.
Plasti 001-63-538-05 001-41-538-05 Cu. Ft. 1000 2" Standard-C.C.W.
Cir"’ci‘l':r 001-63-538-10 001-41-538-10 Cu. Ft. 1000 2 Standard-C.C.W.
Reading 001-63-538-11 001-41-538-11 Cu. Ft. 1000 2' Temp. Comp.-C.C.W.
001-63-538-15 001-41-538-15 Cu. Ft. 1000 2" Temp. Comp.-C.C.W.
001-41-538-25 Cu. Ft. 1000 2L 415 on Dial
001-63-538-62 001-41-538-62 Cu. Ft. 10 2" Standard
001-63-538-63 001-41-538-63 Cu. Ft. 10 2l Temp. Comp.
Plastic 001-63-538-68 001-41-538-68 Cu. Ft. 100 2 Standard
Direct 001-63-538-69 001-41-538-69 Cu. Ft. 100 2" Temp. Comp.
Reading 001-63-538-66 001-41-538-66 Cu. Ft. 100 1 Standard
001-63-538-70 001-41-538-70 Cu. Ft. 100 2 Standard
- 001-63-538-64 001-41-538-64 Cu. Meters 0.1M? 0.05M3 Fully Metric
Test 001-63-537-83 001-41-537-83 Cu. Ft. 110 110° Test Index
Indexes 001-63-538-93 001-41-538-93 Cu. Meters 01M3 .01Mm3 Fully Metric Meter Test
001-63-537-97 001-41-537-97 Cu. Ft. 1 1 Test Index

11



Special Service

'Liquitied Petroleum Gas Metering (LPG)

The Equimeter S-275 was de-
signed especially for the LPG
industry. The S-275 has been tested
and proven for all services, and can
particularly measure LP gases from
bottle sets, bulk storage and distribu-
tion systems to the house.

Manufactured under the same
exacting Quality Control require-
ments as Equimeter’s residential gas
meters, the S-275 contains the same
joint design and utilizes the same

corrosion resistant materials that
exhibit high lubricity for low differen-
tial operation. The major difference is
the connections. The S-275 is
available with 3/4" FPT connections.
1 The “S" denotes side-connection.

(All Equimeter residential meters
described in this brochure can be
used to measure liquified petroleum
gases. Specifications for these
meters and capacities when used on
LPG are given on page 15.)

Industrial Gas Measurement

Industry today is placing a tremen-
dous amount of emphasis on fuel
conservation and fuel allocation
“*hin its facilities. Plant accountants

making efforts to keep increas-
ingly accurate records of fuel gas
consumption as well as consumption

of various special process gases
within their facilities. Equimeter's
complete line of single joint dia-
phragm meters provides industry
with'the specialized metering equip-
ment they need to do the job and to
do it accurately. Listed below are

Gas
Air Krypton Kr,
Argon A, Methane CH,
Butane CH, Nitrogen N,
* Carbon Dioxide CO, Neon Ne
* Carbon Monoxide Cco Pentane CH,,
Ethane C.H, Propane aHe
t Helium He, Xenon Xe,
t Hydrogen H,

* Gas must be 100% dry.

1 Because of the low density of these gases, meters for this sevice may not be used in excess

of 50% of their pressure rating.

12

some of the special type service
gases used by industry that
Equimeter meters are capable of
handling. See your local Equimeter
representative or distributor for
further information regarding in-plant
metering and special gas services.
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Metric Meters

As the United States and the gas
industry gradually convert to the
metric system, Equimeter is ready to
help. For bell provers calibrated with
metric scales, meters must be
equipped with a metric output (50 y*

Also, to assist you is a table of

metric conversion factors. For further
information about Equimeter metric
meters, consult your local Equimeter
representative.

liters). It is also necessary that the
meters have some number of full

revolutions of the tangent assembly
for that given metric output.

Listed-and now available from

Equimeter—are current meter models

along with their metric counterparts

Cubic Foot | Metric | Capacity
Models Models M3/hr.
S§-275 MR-5 7
R-275 MR-8 8
R-315 MR-9 9
#415 MR-12 12

with metric outputs.

Std. Meters¥Hr. x 35.31 = Std. Ft.%Hr. (SCFH)
Std. Ft.3/Hr. (SCFH) x 0.0283 = Std. Meters¥/Hr.

Kilo Pascals (KPa) x 0.145 = psi
psi x 6.90 = Kilo Pascals (KPa)

millimeters water (mm H,0) x 0.039 = in. w.c.
in. w.c. x 25.4 = millimeters water (mm H,0)

Kilograms/centimeter? (Kg/cm?) x 14.22 = psi
psi x 0.0703 = Kilograms/centimeter? (Kg/cm?)

Bars x 14.50 = psi
psi x .0689 = Bars

millimeters mercury (mm Hg) x 1.868 = in. w.c.
in. w.c. x 0.535 = millimeters mercury (mm Hg)

Meter Connections

Equimeter offers a complete line
of meter connections to meet your
installation needs. Listed below are

some of the more common swivel nut
and swivel washer sizes available.
Common swivels in standard and

insulated varieties can be found on

page 14. Black iron or galvanized
connections are available. For sizes
other than those listed, contact your
local Equimeter representative.

é Swivel
— Meter Ferrule Ferrule Swivel Washers Galvanized Black Iron
Size Part Number Part Number Part Number

1 001-61-153-02 001-61-165-07 001-41-165-07
10 Lt 003-51-131-04 003-51-130-00 003-51-230-00
20 Lt. 001-61-154-02 001-61-166-00 001-41-166-00
30 Lt. 001-61-155-03 001-61-167-07 001-41-167-07
45 Lt 001-62-156-02 001-62-168-00 001-41-168-00
1A Spg. 001-61-153-02 001-61-165-16 001-41-165-16
2 Spg. 001-62-156-03 001-41-130-00 001-41-230-00
3 Spg. 011-14-131-01 001-64-167-02 001-64-168-02

13




Swivels

Meter Straight Galvanized Black Iron Pipe | Amount| Height |Insulating Galvanized Black Iron
Ferrule or Part No. Part No. Size of *Yes /No Swivel Set Swivel Set
Size Oftset Oftset Part No. Part No.
1-1/4" S 001-61-165-08 | 001-41-165-08 1" 27" No 001-61-365-08 | 001-41-365-08
(o] 001-61-165-27 Ky 23" 3% No 001-61-365-27
S 001-61-165-58 1° 27" Yes 001-61-365-58
(0] 001-61-165-26 | 001-41-165-26 | /" 1" 2" No 001-61-365-26 | 001-41-365-26
S 001-61-165-02 P! 3 2" No 001-61-365-02
S 001-61-165-52 e 2% Yes 001-61-365-52
o 001-61-165-55 e 2Y s 2% Yes 001-61-365-55
(0] 001-61-165-05 A 2" < 2% No 001-61-365-05
(o] 001-61-165-76 A 1" 2" Yes 001-61-365-76
10 Lt S 003-51-134-00 e 2% No 003-51-334-00
) 003-51-134-50 K 2%« Yes 003-51-334-50
0 003-51-236-50 | /- 1" 3 Yes 003-51-436-50
20 Lt S 001-61-165-11 | 001-41-165-11 1" 2% No 001-61-365-11 | 001-41-365-11
(0] 001-61-166-03 1" 15" 3 No 001-61-366-03
S 001-61-166-15 3 2% No 001-61-366-15
o 001-62-168-11 A 3% - | 3V No 001-62-368-11
S 001-61-166-02 1" 3" No 001-61-366-02
(0] 001-61-166-13 " 2" 37 No 001-61-366-13
S 001-61-165-61 | 001-41-165-61 1" 23" Yes 001-61-365-61 | 001-41-365-61
S 001-61-166-65 e 2% Yes 001-61-366-65
S 001-61-165-61 | 001-41-165-61 1" 23" Yes 001-61-565-61 | 001-41-565-61
S 001-61-166-52 1" 3 Yes 001-61-366-52
S 001-61-166-15 3 2% No 001-61-566-15
(o] 001-61-166-63 2" 2% 37 Yes 001-61-366-63
S 001-61-165-61 Lt 23" Yes 001-61-665-61
30 Lt S 001-61-167-02 | 001-41-167-02 1Y 27l No 001-61-367-02 | 001-41-367-02
S 001-61-167-52 | 001-41-167-52 1" 2" Yes 001-61-367-52 | 001-41-367-52
S 001-61-165-62 | 001-41-165-62 1" 2 7" Yes 001-61-365-62 | 001-41-365-62
S 001-61-165-12 | 001-41-165-12 1" 27" No 001-61-365-12 | 001-41-365-12
S 001-61-165-62 | 001-41-165-62 1" 2 7" Yes 001-61-565-62 | 001-41-565-62
S 001-61-167-52 | 001-41-167-52 1 27" Yes 001-61-467-52 | 001-41-567-52
45 Lt. S 001-62-168-02 | 001-41-168-02 A 3¢ No 001-62-368-02 | 001-41-368-02
(0] 001-62-168-03 A 1% 3 No 001-62-368-03
S 001-62-168-52 | 001-41-168-52 | 1'/" 3 Yes 001-62-368-52 | 001-41-368-52
o 001-41-168-56 1Y 1Y 4 Yes 001-41-368-56
S 001-62-168-04 | 001-41-168-04 1" 3 No 001-62-368-04 | 001-41-368-04
S 001-62-168-54 | 001-41-168-54 1" 3" Yes 001-62-368-54 | 001-41-368-54
S 001-62-168-52 1 3 Yes 001-62-468-52
S 001-62-168-54 A 3" Yes 001-62-468-54
#2 Spg. S 001-62-168-21 | 001-41-168-21 1 3 No 001-62-368-21 | 001-41-368-21
#3 Spg. S 011-14-134-04 1" 3" No 011-14-334-04

* The minimum insulation breakdown voltage for insulating swivels (Assembled Joint) is 2500 volts.
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A
R-275, R-315, #415 Side View - All
F SLT.or 10LT.
i o [ Ferruie Elbow
e w
(oo |
lioEsl
o
A V]
b _ J {
- F—— h
B
RT-Meter S-275
Meter Model A B C D E F G

S-275 10'/s 8" - 13" - 5"
R-275* 139" | 104" 8" 6" - - 5"
R-315* 1324 | 10/ 8" bl - - 5'"
#415° 145 | 11 9% (Tor8Y - - | e
RT-230 13%" | 10/ 8" - - 11 5"
RT-275 13%" | 10y 8" - - 114 5'."

* “A" dimension assumes 20 Lt. connections. “A” varies slightly for other connections.

Specifications
Capacity-SCFH Approx.| No. of | Stuff.
1/2" W.C. Diff. Max. | Shpg. Rev. Box
Meter W.P. Wt. per Shaft Meter Connections
Model Nat. But. Prop. Alr PS! Lbs. Ft* Ft’/Rev. Available
R-275 275 150 175 215 5-10 14 8 2 10, 20, 30 Lt., 1 /s, 1A spg, #2 sPG.
R-315* 315 170 200 245 5-10 14 8 2 20, 30,45Lt, 1 '/, 1A spq, #2 spPG. -
#415¢t 415 225 260 320 10-25 21 6.5 2 20, 30, 45 Lt., 1 /", 1A spa., #2 sPG., #3 SPG.
S-275 250 150 175 195 5-10 14 8 2 3/4" NPT
RT-230 210 5 14 8 2 5Lt .
RT-275 250 5 14 8 2 10 Lt.

*Capacity ratings based on 20 Lt. connections per ANSI B-109-1.
tCapacity ratings based on 30 Lt. connections per ANSI B-109-1.
15
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. . WARRANTY: Equimeter Incorporated (Equimeter)
Authorized Distributor: warrants its products only against defects in materials
and workmanship. Equimeter’s liabitity and customer’s
exclusive remedy under this warranty or any warranty
extends for a period of one (1) year from the date of
Equimeter’'s shipment and is expressly limited to
repayment of the purchase price, repair, or replace-
ment, at Equimeter’s option, during said period, upon
proof satisfactory to Equimeter and upon customer’s
returning and prepaying all charges on such products
to factory or warehouse designated by Equimeter.
THIS WARRANTY IS MADE EXPRESSLY IN LIEU OF
ALL OTHER WARRANTIES, EXPRESS, IMPLIED, OR
STATUTORY, WITH RESPECT TO QUALITY, MER-
CHANTABILITY, OR FITNESS FOR A PARTICULAR
PURPOSE.
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046 Field Regulator Design Improvements

*An optional IRV provides
improved relief and corrosion
protection

New Confiqurations
*Alumlnum Pilot Loaded
*Alumlnum Monitor
*Aluminum Monitor with IRV

Plastio cover cep Is
now standard on
both the aluminum r (
1* NPT aluminum of and cast iron
1/4' NPT castbron models —_ T} \
vent can ba plped to : 1 Optlanal cast lron
a ramote location | cover ¢ap
|
o |
YT fis
P —— | I N
3 sl - 200 psi cutle = | 11 L
pressure capabifty ? i . 7 [l T._—-
| \ == C%
Matal to Matal ;
(%:Phnof:‘ panto D Improved union nut With the change of
phragm uppet gives higher &n orifice, the new
case) siop for over- o )
load finkage _ .L':‘ﬁ monl:": ln'l?tow 046 head sssembdly
- presaure - can be used withan
protection CS% 1000 pel existing 041 body
;::-'-9 (with the exception
of monitor)
9 . /
Larger djaphragrn / Metal fo meta!
fr increased miiize fow rate
ota and
::gnw RNR 1 with loss of valve
=N e disk.
b ‘:
ANNNAN
/ > Same body caaunod
for both monitor an
duphllnli“lnopm confi uf:’atlono
connection for . ¢ '
easier diaphragm
removal O-Ring on vaive
Rallef Regulator
IRV Stop Bracket :::g‘m';' improved
provides over-
pressure aclivation
of IRV in the event
_ of a lost vaive disk
' [ __{ All aluminum case units have the same inlet and outlet pressure capability as

caast lron case unita, and are available with internal retief, internal retlef monitor
and pressure loaded.
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Regulator Installation and
Maintenance Instructions, and Parts List

046 Field Regulators

Simple design, rugged construction and top performance
makse thesa regulators a dependable, economical answer for
awide variety of pounds to pounds applications. They are also
available with an internal relief vaive (IRV) and with a stem

" seal and control line tap for use as the upstream regulator in
"-a monitor set.

\_h

The 046 Regulators are typically used for farm taps, field
regulator applications, propane tanks and high pressure

industrial air or gas uses.

Maximum Inlet Pressure
046, 046-M, 046C & 046CM Models

Installation and Start-Up

E] Remove the shipping plugs from both the regulator iniet
and outlet connections. a2

@;Make cerntain thatthe inside of the piping and the regulator

“inlet and outlet connections are clean—they must be free

of dirt, pipe dope and other debris.

E]Use pipe joint material only on the male threads of the
pipe being connected to the regulator. Do not use pipe
joint material on the female threads of the regulator.

Install the regulator in the line. Make certain that the gas

A SPRINGS flow through the regulator is in the direction indicated by
— the arrow on the regulator body.
Orifice Yellow :.L‘f‘“g‘:'*“':r'."“: Gray The regulator may be installed in any position: right
v - . 1000 650 7000 bo; side up, up side down, vertical piping, diagonal piping,
;', 5% psi pst psi etc. If required, the diaphragm case may be rotated 360°
e psi 1000 psi 1000 psi . "
Ve 500 psi 500 psi 5§00 psi in any number of increments. To rotate diaphragm case
¥ 300 psi 400 psi 400 psi assembly to another position in relation to the body
¥ 300 psi 300 psi 400 psi loosen coupling nut (33). Make certain it, is retightened to
%" 100 psi 100 psi 100 psi 3510 50 Ft.-Lb. to hold diaphragm case assembly in new
Inlet Pressures to 1000 psi position and to reseal.
Outet Prossures 3 to 200 psi The diaphragm case vent must be positioned to
Pipe Sizes ¥, 1°, and 1%* protect against flooding, drain water, ice formation,
s traffic, tampering, etc. The vent must be protected
Maximum Inlet Pressure o046-2 and 046-2M Models against nest building animals, bees, insects, etc. to
SPRINGS prevent vent blockage and to minimize the chances
Orifice Yollow Aluminum, White, of foreign material collecting in the vent side of the
Tan, Dark Green regulator diaphragm.
%" 500 psi 925 psi CAUTION
%’ 500 psi 925 psi
%' 500 psi 500 psi Turn gas on very slowly. If an outlet stop
e 300 psi 400 psi valve is used, it should be opened first. Do
3’;, ‘;‘gg e :;gg P: not overioad the diaphragm with a sudden
d P surge of inlet pressure. Monitor the outlet
‘Inlet Pressures to 825 psi pressure during start-up to prevent an outlet
Outlet Pressures 3 to 126 psi pressure overload.
Pipe Sizes ¥%*, 1°, and 1%*
Maximum Inlet Pressure oss-PLandoss.CPLModels L2 1™ 928 0N very slowy.
SPRINGS Make certain that there are no leaks and that all
connections are tight.
Orifice Yellow Aluminum [7] Adjust set-point (outlet pressure) by turning adjustment
%oy 250 psi 250 psi screw (58). Turn clockwise to increase and counterclock-
inlet Pressures to 250 psi wise to c'ecrease. Be sure to tighten lock nut (57) after
Outlet Pressures 5 to 100 psi adjustment is completed. Do not adjust when regulator is
Pipe Sizes ¥, 1%, and 1%° closed (no flow). Only adjust when gas is flowing through
regulator (approximately 250 SCFH).
Valve Materlal Max lulet P‘f‘““ Max DIff. Pt'mu. Except for logk-up (regulator closed), the outlet pres-
Poly-U Tan (90) duro 1000 psig 800 psig sure during normal operation must not go higher than the
Buna-N (80 duro) 625 psig 400 psig maximum limit of the spring range. Whenever it goes
Viton (70 duro) 526 psig 400 psig (Continued on Page 2)
Diaphragm Intemnal Maximum Outlet
Model Body Case Rellef Valve inlet Pressure Pressure Range
046 . Aluminum No
046-M Aluminum .
046-C Cast lron No 310200 psi
046-CM!* Ductile fron Cast lron No SEE T..BLES
046-2 ASTM 395 GR 60-60-18 Aluminum Yes ABOVE .
046-2M" Aluminum Yos 310 125 psi
046-PL - Aluminum :
046-CPL Cast Iron no 510 100 psi

1. Regulator requires a control line.
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MODEL NO. 046 ‘ MODEL NO. 046-C

wigher, the spring could be overstressed. Also, the higher For regulators equipped with internal relief vaives (IRV),

models 046-2 & 046-2M, vent piping must be vent

pressure springs could compress solid and thereby keep the
.connection size (1° NPT) or farger. This will assure that the

regulator from closing.

Therefore, whenever set-point is within the upper third of vent piping will be large enough to be able to vent all of the
the spring range, set-point adjustment should be made at low internal relief valve discharge to atmosphere without
flow (Approximately 250 SCFH). if set-point adjustment must excessive back pressure that would result in excessive
be made when flow is greater, use the next higher range pressure increase in the regulator.

The outlet of the vent piping must allow for the free

spring.
and unobstructed passage of alr and gas and must be
CAUTION protected against the potentials listed In instructions
it Is the user’s responsibility to assure that all #4, #8, #9 and #10.
regulator vents and/or vent lines exhaust to a non- | 9| For outdoor installations, it is recommended that the
hazardous location away from any potential regulator be installed so that the regulator vent faces
sources of Ignition. Where vent lines are used, it Is downward to avoid the potential for water or other
the user's responsibllity to assure that each foreign matter entering the regulator and Interfering
regulator Is individually vented and that common with the proper operation of the regulator.
vent lines are not used. [10]For application on combustible gas with a specific
; ter than 1.0 h as propane) it is
(8] The vent connection (54) or (S4A) is an escape path for g::::;mr:;:de:hat t.l:‘e gas g.eu:ente:! oputd‘:;n)where
flammable gas and it must be located and/or piped so that the gas will not collect in low areas and away from all
potential discharge occurs in a safe area away from open flames, arching devices, etc
buildings, open flamas, collection areas, arcing devices, pe 9 s
etc. CAUTION
Regulators that are installed indoors or in an non-
vented area must be vented to the outside. Simply run n u:ﬁ::g'ou J:‘%\mm:‘f::lzgfug :::E?e.gvtllﬁtor
vent plping from the regulator vent connection to a wear Is dependent upon particular operating
non-hazardous location on the outside away from any conditions. To assure continuous satlisfactory
potential sources of ignition. The vent piping must be - be
a mlaimum 1/4 NPT, connection size or larger and ope :Itliz’;;d mg;mﬁ’: c;‘:hfe,::” m”o‘,:
/s piped to a safe area. The vent discharge must be pect]
= protectedagainstthe potentials outlinedininstructions determined by ‘?: meé'lty ofl:e,:’vlce and applicable
© #4, #8, #9 and #10. ws and regulations.
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MODEL NO. 046-2

Service

E Make sure regulator is entirely depressured before
disassembling.

[2]In general, it is not necessary to disconnect the body (24)
fromthe piping. Leave it in place in the line when servicing
the regulator.

[8] Caretully note location and position of each part during
disassembly to make certain reassembly is correct. Replace
all wom, damaged, or otherwise unsatisfactory parts.

[?_] Toservice valve or orifice, first loosen coupling nut (33) and
separate diaphragm case assembly from body. Remove
and inspect body to lower case seal ring (32). Replace i
damaged. To remove valve (30), first remove snap clip
(31). Orifice (29) unscrews from body using 1" hex socket
wrench “thin-wall type. Use moderate amount of pipe dope
on sealing surface (male threads) when replacing orifice.

[5] During reassembly, make sure tetraseal (32) is comectly
ggsfmm Tighten coupling nut (33) with a torque of 35 to

[6] To change spring (6), after removing cover cap (1) or (1A),
turn adjustment screw (58) counterclockwise to remove
spring load. Remove screws (15) or (15a) and upper
diaphragm case (48), (48A) or (48B) and spring ferrule (5).
Make sure new spring is correctly nested on the diaphragm
pan(14) or(14A)andinstall springferrule (5) at reassembly.
Also, make sure diaphragm (47) or (47A) is not pinched.

E’]To replace diaphragm, follow step 6 during disassembly
and reassembly. Remove screw (94, to disassemble
diaphragm assembly and remove diaphragm (47) or (47A).
On regulators with intemal refief valve (all -2 models),
remove IRV bolt (9), and IRV spring (49) slowty, as force is
required to keep spring from expanding rapidly. Remove

Te—

70 NG
Y B0 G
40 4
)
4
0 -3
A
O N ) ; 29
2
D
&) () DY
(3) 3 3
MODEL NO. 046-2M

diaphragm coupling nut (46) and replace diaphragm (47).
Assemble the diaphragm (47) inreverse order. Inspect IRV
“O” Rings (50) and (40), replace if necessary. Align coupling
pin (41) parallel and square to the diaphragm centerline.
Make sure roll pin (41) or (41A) Is correctly positioned as
shown. Onreassembly, tighten screws (15) or (15A) evenly
to atorque of 125 in.-bs. The screws must be tight enough
to prevent leakage but not so tight as to crush or damage
the diaphragm. The diaphragm coupling roll pin (41) or
(41A) must be assembled parallel and square to the
diaphragm centetline to prevent binding of the coupling
{44) or (44A) and lever (42). Also, the diaphragm (47) or
(47A) must not be twisted or pinched. .

[B:| Upon completing servicing, make sure regulator is free of
leaks.

37

17

41

ROLL PIN POSITIONING
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v4b Parts List
Thefollowing are the parts forthe 046 regulators. Those parts generally required in maintenance and servicing are highlighted.
TEM| panTNO. | DEscripTION TEM! pARTNO. | DESCRIPTION
1 046-00-005-00 | Covercap @ 1416204500 | Boosttube
1a | 046-00-005-01 Cast iron cover cap 22 | 834010 O-ring, buna-n
2 850805 Tetraseal, buna-n 902987 O-ring, viton
950806 Tetraseal (or o-ring), viton 23 | 908771 O-ting, buna-n
3 1191074 O-ting lube 950746 O-ring, viton
4 1191073 Aero-ubriplate 24 | 046-00-001-06 Body, 3/4° conn.
5 141-62-009-00 Spring ferrule 046-00-003-04 Body, 1* conn.
6 | Seechart Spring 046-00-001-05 | Body, 1 1/4° conn.
7 914760 #0 x 1/8 Ig. drive screw 24a | 046-00-001-09 Rody, 3/4° conn. whnlet tap
8 046-00-086-00 Nameplate 046-00-001-10 Body, 1" conn. wiinlet tap
046-00-086-01 | Nameplate (taipei city) 046-00-001-11 | Body, 1 1/4° conn. w/inlet tap
9 045-00-153-00 IRV shoulder screw 25 { 903989 Tub elbow 3/8 x 1/4
Sa | 910029 §/16-18 x 7/8 ig hex stl cap scr 26 | 903973 3/8 tube x 1/4 npt
10 | 906114 Lockiite 242 27 | 51125 ube 3/8 od x .035 wall x 10° ig
11 | 046-00-009-00 | Spring holder 28 | 905115 Locktite 222 mild
12 | 904983 Stat-o-seal (high temp only) 29 | 046-00-023-02 1/8 s.8. valve ofrifice
13 | 046-00-074-00 Gulde bushing 3‘46-00-023-03 ms s :avlvo o:igﬂ“
14 | 046-00-022-0 Diaph: 6-00-023-04 .8, valve ce
14a 046-00-022-0; M:g: ::: 4RV 046-00-023-05 5/16 s.s, valve orifice
15 | 903163 1/4-20 x 3/4 Ig hex hd stl thd form 04500023-0¢ | 3B sa. valve odlfice
903164 1/4-20 x 3/4 Ig hex hd a.s. thd form 00y | 25 valve orifice
rass valve orifice
15a | 907558 1/4-20x 5/8 1g hex hd cap scr 046-00-02323 | /16 brass vaive orifice
950550 1/4-20 x 5/8 Ig hex hd cap scr s.s. 046-00-023-24 | 1/4 brass valve orifice
16 | s03164 1/4-20 x 3/4 Ig hex hd s.s. thd form 046-00-023-25 5/16 brass valve orifice
ja | 903314 #10-24 x 1/2 ig bind hd mach scrsa. 046-00-023-26 | B brass valve orifice
$50381 Spirol pin 6/32 x 516 Ig 046-00-023-27 1/2 brass valve orifice
78 | 141-62-130-00 | Roetalning ring 30 | 1416251103 | Valve ass’y, buna-n
19 | 1416203500 | Stabilizer disc 1416251101 | Valve ase'y, poly-u
20 | 141-62-034-00 Stabilizer 141-62-511-04 Valve ass'y, viton
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046 Parts List
Thefollowing are the parts forthe 046 regulators. Those parts generally required in maintenance and servicing are highlighted.
"N%l_‘ PART NO. DESCRIPTION "N%“ PART NO. DESCRIPTION

31 | 141-62-118-00 | Snap clip 46 046-00-155-00 Clamping nut

32 | 902497 Tetraseal, buna-n 47 046-00-150-01 IRV diaphragm, buna-n
907718 Tetraseal (or o-ring), viton 47a 046-00-150-00 Diaphragm, buna-n -

33 | 143-62-102-02 | Coupling nut 046-00-150-02 Disphragm, viton --

34 | 141-62-036-00 | Stabilizer hub 48 046-00-003-00 Upper case, alum

35 | 046-00-038-00 | Monitor throat biock 48a 046-00-003-02 Upper case, alum wihd's

36 | 934005 O-ring, buna-n 48b 046-00-003-01 Upper case, cast ion wihd's
904839 O-ring, viton 49 080-02-021-01 | Spring-blue (IRV)

37 | 046-00-016-00 | Valve stem, brass 50 934003 O-ring, buna-n
046-00-016-01 Valve stem, s.s. 51 924059 Nipple 1/4 x 2*

38 | 950728 Fulcrum d:mol pin3/16 x3/digs.s. 52 1::::95 :ilot gg égso p:il

38a ; 141-62-033-00 | Fulcrum pin 1 96 flot p

39 | 046-00-029-00 | Pivot bn'::kot :::::gg ( ggot g 3&?80 psi ;

40 | 90482 ot

a 90169; Wm:uww x11/4 g 1191409 Pilot 67RS 2-20 P':

42 | 0460003000 | Lever 1191411 Pilot 67RS 30-60 psi ;

s | ceanision | iavcovptng dc o | ez | pitemsssioopt |

44 | 045-00-028-01 | Diaphragm coupling (IRV) 54 | 0460052700 | Ventcap assembly

44a) 0460002800 | Diaphragm coupling S4a | 1370250503 | Ventassembly

45a 046-00-602% mmmo .8 bum ass'y g g:&mm gl‘lasl-lzun hex st jam nut
046-00-60202 | Monitor lower case brass bushing assy o8 0S0R5S /1612 % 3 Ig bol i ot cap sor

: 45b | 046-00-602-05 | Monitor lower case s.s. bushing ass'y Not
U 046-00-602-04 | Monitor lower case brass bushing ass'y | [Shown | 0466208604 | Customerbadge

45¢ | 046-00-602-07 | Lower case s.s. bushing assy

046-00-602-06 | Lower case brass bushing ass'y
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Protection +ust be provided for the downstream piping
system ar- :the regulator's low pressure chambers to
assyre ag:.ast the potential over pressurization due to a
regyiator malunction or a failure of the regulator to lock-
up. The allc.vable over pressurization is the lowest of the
maximum preisures permitted by federal codes, state
codes, Equimster Bulletin RDS-1498, or other applicable
standards. The method of providing over pressure

protection could be a relief valve, a monitor regulator, a -

shut off device or any similar device.

Internal Relief Valve (IRV) Capacity

Internal Relief Valves, fike all relief valves must be carefully
checked for adequate capacity. IRV’s only have full capacity
relief capability when the inlet pressure to the regulator is low
enough and the regulator orifice is small enough. if either one,
or both, are too large, the IRV will not have full capacity relief
capability and will not be able to prevent the outlet pressure
from exceeding the maximum allowable limit.

Capacity for the full open 046 IRV can be calculated from the
formula

q XPe

where
K = 600 (the IRV constant)
Po = absolute outlet pressure {(psia)

Field regulators with internal relief valves can be obtained by
specifying Models 046-2, or 046-2M. The 046-2M is a limited
-“pacity IRV unit due to flow through the control fine.

for 0.6 specific gravity gas

[N

apring Ranges
046, 046-M, 046-C & 046CM Models

Outlet Pressures Spring Color |  Part Number
31t 10 psi Yollow 141-62-021-00
8 to 20 psi Aluminum — 141-62-021-01
1510 52 psi White ~ 141-62-021-02
50 to 125 psi Tan 141-62-021-03
100 to 200 psi Gray 141-62-021-04
10 to 95 psi Dark Green' 141-62-021-05

046-2, 046-2 Models
Outlet Pressures Spring Color Part Number
3to 10 psi Yellow 141-62-021-00
8to 20 psi Aluminum 141-62-021-01
15 to 62 psi . White 141-62-021-02
50 10 125 psi Tan 141-62-021-03
10 to 95 psi Dark Green' 141-62-021-05

1. General Purpose Spring.

Spring Ranges and Combinations

046-PL & 046-CPL.

For This Outlet Use These Springs
Pressure Range | 046 Reguiator Loading Regulator

Sto 1Spsi Yellow 3 psig 2 to 20psig

’Isto 25 psi Y<liow 10 psig 2 to 20psig

szoto 40 psi Yellow 10 psig 5 to 35psig
30 to 50 psi Alum. 20 psig S to 35psig
S0 to 75psi Alum. 20 psig 30 to 60 psig
60 1o 100 psi Alum. 20 psig 35 to 100 psig

Full Open Capacity

Use the followingformulas for calculating the full open capacity
of 046 regulator=Jo notuse full open capacity when sizing one
of these regulato:s for an application. instead, use the capacity
tables isBulletin R-1312.

1.Q=K VPo (PiPo)

KPi

Q = maximum capacity of the regulator (in SCFH of 0.6
specific gravity natural gas).

K = the “K” factor, the regulator constant (from table
below).

Pi = absolute inlet pressure (psia).

Po = absolute outlet pressure (psia).

Use formula 1. when g‘;is less than 1.894.

Use formula 2. when ;—% is greater than 1.894.

Orifice 1y %' 17/ %" ' ¥’
“K” Factor a3 74 132 206 292 | 520

When sizing relief valves for use with 046 regulators, use full
open capacity as calculated with the above formulas. Do not
use values from the capacity tables in bulletin R-1312.

t

046-2

MONITOR SET

Monitoring

The 046 regulator makes an excellent monitor; a standby
regulator installed in series which assumes control if a failure
inthe operating regulator permits the outlet pressure to exceed
the set-point. It can be located in either the upstream or the
downstream position.

When an 046 is used to monitor a regulator with an identical
inner valve (another 046), the total maximum capacity through
both regulators can be figured at 70% of the capacity of one of
them alone. This applies with the monitor located efther up or

downstream.
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‘Maximum Emergency Pressure

The maximum pressure the regulator iniet may be subjected to
under abnormal conditions withot: causing damage to the

regulator is: - 54
046, 046-2, 046-C, 046-CN,-046M, -2M, 046-PL
and 046-CPL ..c...ccvevercssvracece- Max. inlet Pressure +100 psi

The maximumpressure the regulator dutlet may be subjected
to without causing damage to the internal parts of the regulator
is: '

For set-points of 3 10 200 PSi «cceereevevnen- set point +100 psi
Set-point is defined as the outlet pressure a regulator is
adjusted to deliver.

lf any of the above pressure limits are exceeded, the regulator
must be taken out of service and inspected. Damaged or
otherwise unsatisfactory parts must be replaced or repaired.

The maximum pressure that can be safely contained by the
diaphragm case is:
046, 046-2, 046-C, 046-CM, 046-M, 046-2M, ............ 400 psi
046-PL & 046-CPL i
Safely contained means no leakage as well as no bursting.

Temperature Limits

The 046 Regulators can be used for flowing temperatures
from -20°F. to 150°F.

Other Gases

The 046 Regulators are mainly used on natural gas services;
howaever, these regulators will perform e« :ally as well on other
gases. When using the 046 Regulators on other gases, the
regulator capacities must be c.djusted using the following
correction factors.

Type of Gas Sorrection Factor
Alr (specific gravity 1.0) 0.77
Propane (specific gravity 1.53) 0.63
1350 BTU Propane-Air Mixture

(specific gravity 1.20) 0.71
Nitrogen (specific gravity 0.97) 0.79
Dry CO, (spacific grivity 1.52) ‘ 0.63
For other noncorrosive gases use the following formula:

Correction Factor m_| 0.60

Specific gravity of the Gas

For use with gases not listed above, please contact your
Equimeter representative or Industrial Distributor for
recommendations. :

Buried Service
The 046 Regulators are not recommended for buried
service.

Dimensions
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Amercoat® 385

Multi-purpose epoxy

Product Data

* Primer for durable systems with wide range of topcoats,
including polyurethanes and acrylics

¢ Rust inhibitive epoxy primer

¢ Suitable for variety of substrates

* Excellent shop primer for corrosive service
¢ Suitable for immersion service

¢ Qutstanding chemical and weather resistance
* Excellent adhesion to inorganic zinc silicate

* Easy application

* No lead pigments added to 385PA

*VOC compliant '

« Wide film build range

* Compatible with compromised surface preparation

Amercoat 385 is a high-performance coating forming a tough,
abrasion-resistant, durable film. It adheres strongly to bare"
steel, coated steel and inorganic zinc silicate coated surfaces on
new construction, repair and field maintenance projects.

A-  -coat 385 will also adhere to intact painted surfaces and

t ast and may be used to repair itself or inorganic zinc
silicate primers. .
Amercoat 385 provides an excellent barrier to corrosion; its
inhibitive pigment version (385PA) affords protection at
damaged areas. It has high chemical resistance, making it
suitable for use in aggressive environments. Amercoat 385 is
user-friendly and can be applied by a variety of spray methods
to produce a smooth, fast-drying film. It is suitable for
immersion in both salt and fresh water at temperatures up to
140°F, continuous and can be used as a tank lining for alkalinc
and salt solutions, petroleum fuels, sewage waste and certain
chemicals. Amercoat 385PA contains no added lead pigments
and has a low VOC.

Amercoat 385 is suitable as a primer for certain tank lining
systems. It may also be applied over aluminum, stainless stecl,
galvanizing, concrete and previously coated surfaces in
addition to steel.

Amercoat 880 glassflake may be added to increase fiim build
and lower moisture vapor permeability. For additional
information see Amercoat 880 Product Data Sheet or contact
your Ameron representative.

Typical Uses
* Industrial structural steel, machinery and piping.

» Tank exteriors in oil refineries, paper mills, chemical
processing facilities and waste water treatment plants.

* Decks, hulls and superstructures of ships, barges and work
1 ~

*1___,, offshore platforms and related structures.

» Tank lining.

Physical Data
Finish
Color
Amercoat 385
Amercoat 385PA
Inhibitive pigment

Components
385 or 385PA
385AL

Curing mechanism

Flat

Ameron standard colors

See color card
Oxide red, white, off-white

2
3

Solvent release and chemical
reaction between components

Volume solids (ASTM,D2697 modified)

385 or 385PA 66% + 3%
385AL * 58% + 3%
Dry film thickness per coat
3850r 385PA 4 10 6 mils (100 to 150 microns)
with 880 glassflake 6 to 14 mils (150 to 350 microns)
Coats lor2
Theoretical coverage fr/gal m?¥/L
385 or 385PA
1 mil (25 microns) 1059 26.0
4 mils (100 microns) 265 6.5
385AL
1 mil (25 microns) 936 23.0
4 mils (100 microns) 234 5.7
385 with 880 at 6 mils (150 microns) will be 199 f* per gallon of 385
vOC lb/gal g/L
(EPA method 24)
385 mixed 2.3 276
385 mixed/thinned 2.6 311
(calculated)
385AL mixed 29 347
385AL mixed/thinned 3.2 383
Temperature Wet Dry
°F °C °F °C
continuous 140 60 200 93
intermittent 175 79 250 121
Flash point (SETA) °F °C
385 cure 118 48
385 resin 128 53
385AL cure &resin 85 29
385AL paste 108 42
Amercoat 861 300 149
Amercoat 7 102 39
Amercoat 65 78 25
Amercoat 101 145 63
Amercoat 12 0 -18
Qualifications .
Military Sealift Command- ~  Underwater hulls, topside and
salt water ballast tank service
NAVSEA Chapter 631 for aluminum

hull use
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Typical Properties
Physical
Abrasion (ASTM D4060) 108 mg weight loss
1 kg load/1000 cycles
CS-17 wheel
Adhesion, Elcometer (ASTM D4541) >1000 psi
Performance
Salt spray - 1 coat @ 6 mils 5000 hours exposure
face corrosion (ASTM B117) None
face blistering (ASTM B117} None
Humidity (condensation} (ASTM D4588)
3000 hours exposure
face corrosion None
Steam cleanable ' Yes

Chemical resistance - Condition after 1 year immersion

caustic 30%, 50% up to 140°F Excellent
fuel (MSC recipe) Excellent
salt water Excellent
DI water up to 140°F Excellent

Amercoat 385 Chemical Resistance Guide

Splashand  Fumes and

Environment Spillage Weather
Acidic F G
Alkaline E E
Solvents E E
Salt solutions

Acidic G VG

Neutral E E

Alkaline E E
Water E E
F-Fair G-Good E-Excellent VG-Very Good

This chart shows typical resistance of Amercoat 385. Contact your
Ameron representative for your specific requirements,

Systems Using Amercoat 385

1st Coat 2nd Coat 3rd Coat
Amercoat 385 or 385PA - -
Amercoat 385 or 385PA Amershield” -
Amercoat 385 or 385PA 450HS o=
Dimetcote®9, 9FT, 21-9 385 Amershield,
* 450HS
Amercoat 68A, 68HS. 385 1 Amershield,
45011S
Amercoat 385 385 698HS, 70ESP,

635, 279, 275E
277E
Confirm compliance with VOC regulations before using coating
systems. For immersion service, apply 2 coats at a minimum of 8 mils
tolal DFT.
Over Dimetcote, Amercoat 68A and 6811S primers. a mist coat and
thinning with Amercoat 101 may be required to prevent application
bubbling.
Use Amercoat 385PA primer when inhibitive pigmented primer is
specified as the first coat.

385P0S

Application Data

Applied over substrates Steel, concrete, masonry
block, aluminum, galvanizing,
coated surfaces

Primer/s See Systems Table

Method Airless, conventional spray,

brush or roller
Mixing ratio (by volumc)

385 or 385PA 1 partresinto 1 part cure
385AL 0.42 cure to 0.43 resin to
0.15 paste
385 with 880 glassflake 1-gal 880 per mixed 2-gal 385
2%, gal 880 per mixed 5-gal
385
Pot life (hours) °F/eC
90/32 70/21 50/10
385 or 385PA 1'% 3 5
385 with 880 glassflake 11 2 4
385 accelerated with 1 pt y 1 3
861/5 gal
Environmental conditions
Temperature °F °C

air and surface 40t0 120 4t049
Surface temperatures must be at least 5°F (3°C) above dew
point to prevent condensation.

Drying time (ASTM D1640) @ 6 mils, DFT (hours)

°F/r°C
_ 90/32 70/21 50/10 32/0
touch 1 2 3 6
through 10 16 24 168
with 880 glassflake 12 18 26 192
Topcoat or recoat time
minimum 6 8 10 72

Addition of 861 Accelerator does not change dry-to-touch or dry-
through times but does accelerate cure for service.

Topcoat or recoat time (days) (maximum) °F/°C

90/32 70/21 50/10
Product 385 w/861 385 w/861 385 w/861
450HS, 14 3 30 7 42 14

Amershield™ 14 3 30 7 42 14
385 or 385PA
non-immersion No maximum - Clean surface required
immersion 6 months - high pressure water wash or
roughen surface if exceeded
0Y8IIS, 70LSP,  Apply while 385 is Lacky, solt to fingernail
635, 279, 275E,
277
Failure to apply antifoulings while coating is still tacky or soft to
Jingernail may resudt in poor adhesion and eventual delamination.

Time before service @ 8 mils (hours) °Ii/°C

385 or 385PA 90/32 70/21 50/10 32/0
immersion
ambient 24 48 72 240
hot 72 168 336 NR
non-immersion 12 24 36 168
385 or 385PA accelerated @ 1 pt 861/5 gal
immersion
ambient 12 24 48 168
hot 36 72 168 NR
non-immersion 6 12 24 96

NR=Not recommended

Thinners (up to 2 pt)
above 70°F (21°C) Amercoat7 or 101
below 70°TF (21°C) Amercoat 65

In confined areas thin with Amercoat 7 or 101

Equipment cleaner Thinner or Amercoat 12

%‘ e BN Tt Sk PO VR




Application Data Summary

See Application Instructions for complete information on
surface preparation, environmental conditions, application
cedures and equipment. Te-obtain maximum performance,
. _lyasrecommended. Adhere to all safety precautions during
storage, handling, application and drying periods.

This product is for professional use only. Not for residential
use in California.

Warranty

Ameron warrants its products to be free from defects in
material and workmanship. Ameron's sole obligation and
Buyer’s exclusive remedy in connection with the products shall
be limited, at Ameron's option, to either replacement of
products not conforming to this Warranty or credit to Buyer's
account in the invoices amount of the nonconforming products.
Any claim under this Warranty must be made by Buyer to
Ameron in writing within {ive (5) days of Buyer's discovery of
the claimed defect, but in no event later than the expiration of
the applicable shelflife, or one year from the delivery date,
whichever is earlier. Buyer's failure to notify Ameron of such
nonconformance as required herein shall bar buyer from
recovery under this Warranty.

Ameron makes no other warranties concerning the product.

No other warranties, whether express, implied, or statutory,
such as warranties of merchantability or fitness for a .
particular purpose, shall apply. In no event shall Ameron be
liable for consequential or incidental damages.

Any recommendation or suggestion relating to the use of the
products made by Ameron, whether in its technical literature,
or in response to specific inquiry, or otherwise, isbased on data
“aved to be reliable; however, the products and information
.ntended for use by Buyers having requisite skill and know-
how in the industry, and therefore it is for Buyer to satisfy itself
of the suitability of the products for its own particular use and it
shall be deemed that Buyer has done so, at its sole discretion
and risk. Variation in environment, changes in procedures of
use, or extrapolation of data may cause unsatisfactory results.

Limitation of Liability

Ameron's liability on any claim of any kind, including claims
based upon Ameron's negligence or strict liability, for any loss
or damage arising out of, connected with, or resulting from the
use of the products, shall in no case exceed the purchase price
allocable to the products or part thereof which give rise to the
claim. In no event shall Ameron be liable for consequential
or incidental damages.

Shipping Data

Packaging

385 or 385PA 2- and 5-gal units

385AL 1- and 10-gal units
Shipping weight (approx.) b kg
385 or 385PA 2-gal unit

cure 1 galin 1-gal can 12 5.6

resin 1 galin 1-gal can 13 6.0
385 or 385PA 5-gal unit

cure 2.5galin 5-ga.l can 31 14.3

resin 2.5 galin 2'2-galcan 34 15.3
385AL 1-gal unit

cure 0.42 galin 1-gal can 4 1.9

resin 0.43 gal in 1-gal can 5 1.7

paste 0.15 galin 1-gqt can 2 1.0
385AL 10-gal unit

cure 4.2 galin 5-gal can 36 16.2

resin 4.3 gal in 5-gal can 40 18.3

paste 1.5 galin 2'-galcan 23 10.5
Shelf life when stored indoors at 40 to 100°F (4 to 38°C)

cure, resin and paste 1 year from shipment date

Numcrical values are subject to normal manufacturing tolerances, color and
testing variances. Allow for application losses and surface irregularities. See
application instructions for complete information and safety precautions.

The mixed product is photochemically reactive as defined by the South Coast Air
Quality Management District's Rule 102 or equivalent regulations.

385PDS




Ameron.

Amercoat®’ 385

Multi-purpose epoxy

Application Instructions

Refer to the Product Data Sheet for properties and uses. Adhere
to all application instructions, precautions, conditions and
limitations to obtain the maximum performance. When used
over recommended primers, refer to Application Instructions
for the specific primer being used for surface preparation data
and application and drying procedures. For conditions outside
the requit ements or limitations described, contact your
Ameron representative.

Surface Preparation

Coating performance is proportional to the degree of surface
preparation. Refer to specifications lor the specific primer
being used. Prior to coating, primed surface must be clean, dry,
undamaged and free of all contaminants including salt
deposits. Round off all rough welds and remove all weld spatter:

Steel - Remove all loose rust, dirt, grease or other contami-
nants by one of the following depending on the degree of
cleanliness required: SSPC-SP2, 3, 6 or 7. Water blasting is also
acceptable. For more severe service and immersion, clean to
SSPC-SP10. The choice of surface preparation will depend on
the system sclected and end-use service conditions.

to achieve a surface profile not to exceed 3 mils
(« . .nicrons) as indicated by a Keanc-Tator Surface Profile
Comparator Testex Tape. Increase coating thickness if profile
greater than 3 mils.

Galvanizing - Remove oil or soap film with ncutral detergent or
emulsion cleaner; then use zinc treatment such as Galvaprep®
or equivalent or blast lightly with finc abrasive.

Aluminum - Remove oil, grease or soap film with ncutral
detergent or emulsion cleaner; treat with Alodine® 1200,
Alumiprep® or equivalent or blast lightly with finc abrasive.

Concrete/masonry - Surface must be cured, clean, dry, frec of
contamination and disintegrated or chalky materials. Clean
concrele surface; abrasive blast (ASTM D4259) or acid etch
(ASTM D4260). Fill concrete voids with Nu-Klad® 965 or 114A
to achicve a smooth surface. Clean masonry surface by ASTM
D4261. Fill masonry block with Amerlock® 400BF Block Filier.

Aged coatings - All surf{aces must be clean, dry, tightly bonded
and free of all loose paint, corrosion products or chalky residuc.
Clean by pressure water blast (1000 psi or greater), SSPC-SP1,
2,3 or 7. Amercoat 385 is compatible over most types of
properly applicd and tightly adhering coatings. Howcever, a test
patch is patch is recommendecd to confirm compatibility.
Repair - Prepare damaged areas to original surface

preparation specifications, feathering edges of intact coating.
Thoroughly remove dust or abrasive residue before touch up.

Environmental Conditions
Temperature °F °C
and surface 4010120 41049

L .acetemperature must be atleast 5°FF (3°C) above dew point
to prevent condensation. At freezing temperatures surfaces
must be free of ice.

Application Equipment

Airless spray - Standard cquipment such as Graco Bulldog
Hydra-Spray or larger with a 0.15- t0 0.021-in. (0.38 to
0.53 mm) fluid tip.

Conventional spray — Industrial equipment such as DeVilbiss
MBC or JGA spray gun with 78 or 765 air cap and “E" fluid tip,
or Binks No. 18 or 62 gun with a 66 x 63PB nozzle set up.
Separate air and fluid pressure regulators, mechanical pot
agitator, a moisturc and oil trap in the mair. air supply linc are
recommended.

Power mixcr - Jiffy Mixer powered by an air or an explosion-
proof electric motor.

Brush - Natural bristle. Maintain wet edge.
Roller - Use industrial roller. Level any air bubbles with bristle
brush. .

Application Procedure

Amercoat 385 or 385PA consists of two components which
must be mixed together before use. It is packaged in the proper
portions in 2- or 5-gallon units. Amercoat 385AL consists of
three components packaged in the proper portions and is
available in 1- or 10-gallon units.

1. Flush equipment with thinner or Amercoat 12 before use.
2. Stir each component thoroughly, then combine resin and
cure and mix until uniform. For 385AL, stir each component
thoroughly, add aluminum paste to resin, mix until uniformly
blendcd then add cure and stir again until uniformly blended.
When using Amercoat 880 glassflake, add material to mixed
unit of Amercoat 385 following 880.

3. Thin only if necessary for workability, add Amercoat 101
up to Y2 pint (approximately 6%) per gallon of Amercoat 385.
Use Amercoat 65 when faster drying is desired. Use Amercoat
7 or 101 when applying in confined spaces. Use only Ameron
reccommended thinners.

4. Do not mix more material than will be used within pot life.
Potlifc is shortened by higher temperatures.

Pot life (hours) °F/eC
90/32 70/21 50/10
385 11 3 5
385 with 880 1l 2 4
385 accelerated
@1 pt861/5-gal 2 1 3

5. Amercoat 861 Accelerator may be used for applications
when low temperatures are expected or to achieve faster time
to service at temperatures below 50°F~. When 8061 is used with
white or light colors of Amercoat 385, a color variation may
result. Do not use more than 1 pint Amercoat 861 per 5-gallon
unit.

6. For conventional spray, use adequate air pressure and
volume to ensure proper atomization.

7. Applyawetcoatin even, parallel passes; overlap each pass
50 percent. If required, cross-spray at right angles to avoid
holidays, bare areas and pinholes.

Note: When applying directly over inorganic zincs or zinc-rich
primers, a mist coat may be required to minimize bubbling.
This will depend on the age of the Dimetcote, surface roughness
and conditions during curing.




8. When applying antifouling coatings, apply first antifouling
coat while Amercoat 385 is still tacky or soft to fingernail.
Failure to apply antifouling while Amercoat 385 is still tacky
may result in poor adhesion between coatings and eventual
delamination of the antifouling.

9. Normal recommended dry film thickness per coatis4 to 6
mils for 385 and 6 to 14 mils for 385 with 880. However, if
greater thickness is applied in local areas because of
overlapping, no runs or sags will normally occur at a dry film
thickness up to 10 mils for 385 and 16 mils for 385 with 880.
Total dry film thickness in two coats must not exceed 16 mils
for 385 and 32 mils for 385 with 880.

10. A wet film thickness of 6 mils {150 microns) normally
provides 4 mils (100 microns) of dry film.

11. When using brush or roller application method, additional
coats may be required to achieve proper film thickness.

12. When used as a tank lining, check film continuity of
material with a nondestructive holiday detector such as Tinker

and Rasor Model M-1. Apply additional Amercoat 385 to areas

requiring touch up.

13. Clean all equipment with thinner or Amercoat 12
immediately after use.

Drying time (ASTM D1640) @ 6 mils, DFT (hours)

°Fr°C
90/32 70/21 50/10 32/0
touch 1 2 3 6
through 10 16 24 168
with 880 glassflake 12 18 26 192
Topcoat or recoat time
minimum 6 8 10 72

Addition of 861 Accelerator does not change dry-to-touch or dry-
through times but does accelerate cure for service.

Topcoat or recoat time (days) (maximum) °F/°C

90/32 70/21 50/10
Product 385 w/861 385 w/861 385 w/861
450HS, 14 3 30 7, 42 14
Amershield™ 14 3 30 7 42 14
385 or 385PA

- non-immersion No maximum - Clean surface required
immersion 6 months - high pressure water wash or

) roughen surface if exceeded

698HS, 70ESP,  Apply while 385 is tacky, soft to fingernail

635, 279, 275E,

277E <
Time before service @ 8 mils (hours) °F/°C
385 0or 385PA 90732 ‘70721 50/10 32/0
immersion
ambient 24 48 72 240

hot 72 168 336 NR
non-immersion 12 24 36 168
385 or 385PA accelerated @ 1 pt 861/5 gal

immersion
ambient 12 24 48 168
hot 36 72 168 NR
non-immersion 6 12 24 96

NR=Not recommended

Safety Precautions

Read each component’s material safety data sheet before use.
Mixed material has hazards of each component. Safety
precautions must be strictly followed during storage, handling
and use.

CAUTION - Improper use and handling of this product can be hazardous to
health and cause fire or explosion.

Do not usc this product without first taking all appropriate safety measures
to prevent property damage and injuries. These measures may include,
without limitation: implementation of proper ventilation, use of proper
lamps, wearing of proper protective clothing and masks, tenting and proper
separation of application areas. Consult your supervisor. Proper ventilation
and protective measures must be provided during application and drying to
keep spray mists and vapor concentrations within safe limits and (o protect
against toxic hazards. Necessary safety equipment must be used and
ventilation requirements carcfully observed, especially in confined or
enclosed spaces, such as tank interiors and buildings.

This product is to be used by those knowledgeable about proper application
methods. Ameron makes no recommendation about the types of safety
measures that may necd to be adopted because these depend on application
environment and space, of which Ameron is unaware and over which it has
no control. }

If you do not (ully understand these warnings and instructions or if you
cannot strictly comply with them, do not use the product.

Note: Consult Code of Federal Reguiations Title 29, Labor, parts 1910 and 1915
concerning occupational safety and health standards and regulations, as well as
any other applicable federal, state and local regulations on safe practices in
coating operations.

This product is for professional use only. Not for residential use in California.

Warranty

Ameron warrants its products to be free from defects in material and
workmanship. Ameron’s sole obligation and Buyer's exclusive remedy in
connection with the products shall be limited, at Ameron’s option, to either
replacement of products not conforming to this Warranty or credit to Buyer's
account in the invoiced amount of the nonconforming products. Any claim under
this Warranty must be made by Buyer to Ameron in writing within five (5) days of
Buyer's discovery of the claimed defect, butin no event later than the expiration
of the applicable shelf life, or one year from the delivery date, whichever is earlier.
Buvyer's failure to notify Ameron of such nonconformance as required herein shall
bar buyer from recovery under this Warranty.

Ameron makes no other warranties concerning the product. No other
warranties, whether express, implied. or statutory, such as warranties of
merchantability or fitness for a particular purpose, shalt apply. In no event
shall Ameron be liable for consequential or incidental damages.

Any recommendation or suggestion relating to the use of the products made by
Ameron, whether in its technical literature, or in response to specific inquiry, or
otherwise, is based on data believed to be reliable; however, the products and
information are intended for use by Buyers having requisite skill and know-how
in the industry, and therefore it is for Buyer to satisfy itself of the suitability of the
products for its own particular use and it shall be deemed that Buyer has done so,
atits sole discretion and risk. Variation in environment, changes in procedures of
use, or extrapolation of data may cause unsatisfuctory results,

Limitation of Liability

Ameron’s liability on any claim of any kind, including claims based upon
Ameron'’s negligence or strict liability, for any loss or damage arising out of,
connected with, or resulting from the use of the products, shall in no case exceed
the purchase price allucable to the products or part thercof which give rise to the
claim. in no event shall Ameron be liable for consequential or incidental
damages.

Ameron.

Protective Coatings
Systems

201 North Berry Street, Brea, California 92622-1020 « J. F. Kennedylaan 7, 4191 MZ Geldermalsen, The Netherlands

385Al
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Ameron.

Ameriock® 400

High-solids epoxy coating

Application Instructions

Refer to Product Data Sheet [or properties and uses.

To obtain the maximum performance, adhere to all application
instructions, precautions, conditions arld limitations. For
conditions outside the requirements or limitations described,
contact your Ameron representative.

Surface Preparation

Coating performance is, in general, proportional to the degree
of surface preparation. Abrasive blasting is usually the most
effective and economical method. When this is impossible or
impractical, Amerlock 400 can be applied over mechanically
cleaned surfaces.

Amertock 400 may be used over most types of properly
prepared and tightly adhering coatings. A test patch is
recommended for use over existing coatings.

Steel - Remove all loose rust, dirt, moisture, grease or other
contaminants from surface. Power-tool clean SSPC-SP3 or
hand-tool clean SSPC-SP2. For more severe environments, dry
abrasive blast SSPC-SP7. Water blasting is also acceptable. For
immersion service - dry abrasive blast SSPC-SP_lO.

Aluminum - Remove oil, grease or soap film with neutral

detergent or emulsion cleaner, treat with Alodine® 1200,
Alumiprep® or equivalent or blast lightly with ﬁxlle abrasive.

Galvanizing - Remove pil or soap film with detergent or
emulsion cleaner, then use zinc treatment such as Galvaprep®
or equivalent or blast lightly with fine abrasive.

Concrete - Acid etching (ASTM D4260) or abrasive blast
(ASTM D4259) new concrete cured a minimum of 14 days.

Application Equipment
The following is a guide; suitable equipment from other

manufacturers may be used. Changes in pressure, hose and tip
size may be needed for proper spray characteristics.

Airless spray - Standard equipment such as Graco Bulldog
30:1 or larger, with a2 0.017- t0 0.021-inch fluid tip.
Conventional spray - Industrial cquipment, such as DeVilbiss
MBC or JGA or Binks 18 or 62 spray gun. A moisture a.d oil
trap in the main air supply line, a pressure material pot with
mechanical agitator and separate regulators for air and fluid
pressure are recommended.

Power mixer - Jiffly Mixer powered by an air or explosion-
proof electric motor.

Brush or roller - Additional coats may be required to attain
proper thickness.

Environmental Conditions

Product Air and Surface Temperature
Amerlock 400 or 400 AL 40°t0 122°F ( 4° to 50°C)
Amerlock with 861 20°t0 122°F (-6° to 50°C)
Amerlock 400FD cure 20°to 122°F (-6° to 50°C)

Surface temperatures must be at least 5°F (3°C) above dew
point to prevent condensation. At freezing temperatures,

surface must be free of ice.
See temperature limitations to cure for immersion service.

Pot life (hours) °FreC
861 Accelerator Amerlock 90/32 70/21 50/10 32/0
Amount /mixed 5 gal

None 400 11, 211, 4 7

400AL 3!y, 51, 10 15

400FD 1 117, 2, 4

r,pt 400 1 1, 2, 4

400AL 1 1Y, 2, 4

1pt 400 7 1 11, 2

Pot life is the period of time afler mixing that a five-gallon unit of
material is sprayable when thinned as recommended. Mi:‘ture may
appear fluid beyond this time, but spraying and film build character-
istics may be impaired.

Application Procedure

1. Flush all equipment with thinner or Amercoat® 12 before
use. .

2. Stirresin using an explosion-proof power mixer to disperse
pigments.

3. Add cure to resin. Mix thoroughly until uniformly blended
to a workable consistency. For low temperature application,
use Amercoat 861 accelerator or 400FD cure. Do not use
Amercoat 861 when using Amerlock 400FD cure or with
Amerlock white or light colors as color variation may result. Do
not exceed the 1 pint Amercoat 861 accelerator per 5 gallon
unit recommendation. Do not use 400FD cure with 400AL
resin.

4. Do not mix more material than can be used within the
expected pot life.

5. For optimum application, material should be from 50° to
90°F (10° to 32°C). Above 122°F (50°C), sagging may occur.

6. Use only Ameron recommended thinners. Above 85°F
(29°C) use Amercoat 8, at lower temperatures use Amercoat
65. A small amount of thinner greatly reduces viscosity;
excessive thinning will cause running or sagging. Thin
cautiously as follows:

Amercoat 8 or 65 thinner 400 and 400FD 400AL
Airless—up to 11y pv/gal 12 pt/gal
Conventional -up to V2 pt/gal 1% pt/gal

Below 50°F additional thinning may be needed and multiple
coats required to achieve specified thickness.

7. To minimize orange peel appearance, adjust conventional
spray equipment to obtain adequate atomization at lowest air
pressure.

8. Apply a wet coat in even, parallel passes with 50 percent
overlap to avoid holidays, bare areas and pinholes. If required,
cross spray at right angles.

9. When applying Amerlock 400 directly over inorganic zincs
or zinc-rich primers, a mist coat/full coat technique may be
required to minimize bubbling. This will depend on the age of
the Dimetcote®, surface roughness and conditions during
curing.

Note - Do not use Amerlock 400AL on water damp surfaces

10. Ventilate confined areas with clean air between coats and
while curing the final coat. Prevent moisture condensation on
the surface between coats.
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11. Repair damaged areas by brush or spray.

12. Clean equipment with thinner or Amercoat 12
immediately after use.

Drying time (ASTM D1640) (hours)

touch
861 Amerlock °Fr°C
Amt /mixed 5gal 120/4990/32 70/2150/10 32/0 20/-6
None 400 17, 4, 9 28 96 NR
400AL 1 4 12 36 96 NR
400FD cure 2 1 2 8 24 48
Y, pt 400 1, 3 5 24 72 120
400AL 1 il 2 5 10 24
1pt 400 1 2 4 15 48 9
through
None 400 6 12 20 40 140 NR
400AL 11, 7, 24 72 216 NR
400FD cure 1, 2% 4% 13 38 96
pt 400 3 6 10 30 96 180
400AL 2 4 9 24 48 120
1pt 400 21, 5 9 24 72 160

Cure for immersion (days)

None 400 2 4 7 21 NR NR
400AL 2 4 7 21 NR NR
400FD cure 1 2 3 7 21 NR

lpt  400AL 1 2 3 7 21 NR

1pt 400 1 2 3 7 21 NR

Amercoat 861 Accelerator will slightly discolor Amerlock 400 white
and other Amerlock light colors. Do not use 861 Accelerator with
400FD cure.

NR = Not recommended

Recoat/Topcoat time °F/°C
minimum (hours) 90/32 70/21 50/10
400 : 8 16 30
400 with 1 pt 861 4 7 16
400FD 2 3, 10
400AL 3 12 48
400AL with 72 pt 861 3 D 5 12

Recoat/Topcoat time @ 70°F (21°C)

System Maximum time

400/400 3 months

400 with 861/400 1 month

400FD/400FD 2 weeks

400/Amershield or 450HS 1 month

400FD/Amershield or 450HS 7 days

400 with 861/Amershield or 450HS 2 weeks

Note: If maximum time is exceeded, roughen surface. For topcoats
(finish coats) not listed. see Product Data sheet for specific topcoat
time limitations.

Safety Precautions

Read each component’s material safety data sheet before use.
Mixed material has hazards of each component. Safety
precautions must be strictly followed during storage, handling
and use.

CAUTION - Improper use and handling of this product can
be hazardous to health and cause fire or explosion.

Do not use this product without first taking all appropriate
safety measures to prevent property damage and injuries.
These measures may include, without limitation:
implementation of proper ventilation, use of proper lamps,
wearing of proper protective clothing and masks, tenting
and proper separation of application areas. Consult your
supervisor. Proper ventilation and protective measures
must be provided during application and drying to kecp
solvent vapor concentrations within safe limits and to
protect against toxic hazards. Necessary safety equipment
must be used and ventilation requirements carefully
observed, especially in confined or enclosed spaces, such as
tank interiors and buildings.

This product is to be used by those knowledgeable about
proper application methods. Ameron makes no recommen-
dation about the types of safety measures that may need to
be adopted because these depend on application and space,
of which Ameron is unaware and over which it has no
control.

If you do not fully understand the warnings and instruc-
tions or if you cannot strictly comply with them, do not use
the product.

Note: Consult Code of Federal Regulations Title 29, Labor,
parts 1910 and1915 concerning occupational safety and
health standards and regulations, as well as any other
applicable federal, state and local regulations on safe practices
in coating operations.

This product is for professional use only. Not for residential
use in California.

Warranty

Ameron warrants its products to be free from defects in material and
workmanship. Ameron'’s sole obligation and Buyer's exclusive remedy in
connection with the products shall be limited, at Ameron's option, to either
replacement of products not conforming to this Warranty or credit to Buyer's
account in the invoiced amount of the nonconforming products. Any claim under
this Warranty must be made by Buyer to Ameron in writing within five (5) days of
Buyer's discovery of the claimed defect, but in no event later than the expiration
of the applicable shelf life, or one year from the delivery date, whichever is
earlier. Buyer's failure to notify Ameron of such nonconformance as required
herein shall bar Buyer from recovery under this Warranty.

Ameron makes no other warranties concerning the product. No other
warranties, whether expressed. implied, or statutory, such as warranties of
merchantability or fitness for a particular purposc, shall apply. In no cvent
shall Ameron be liable for consequential or incidental damages.

Any recommendation or suggestion relating to use of the products made by
Ameron, whether in its technical literature, or in response to specific inquiry, or
otherwise, is based on data believed to be reliable; however. the products and
information are intended for use by Buyers having requisite skill and know-how
in the industry, and therefore it is for Buyer to satisly itself of the suitability of the
products for its own particular use and it shali be deemed that Buyer has done so,
at its sole discretion and risk. Variation in environment. changes in procedures of
use, or extrapolation of data may cause unsatisfactory results.

Limitation of Liability

Ameron’s liability on any claim of any kind, including claims based upon
Ameron'’s negligence or strict liability, for any loss or damage arising out of,
connected with, or resulting from the use of the products, shall in no case exceed
the purchase price allocable to the products or part thereof which give rise to the
claim. In no event shall Ameron be liable for consequential or incidental
damages.

Ameron.

Protective Coatings
Systems

201 North Berry Street, Brea, California 92622-1020 ¢ J. F. Kennedylaan 7, 4191 MZ Geldermalsen, The Netherlands
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Product Data

* VOC compliant

* High-performance general maintenance coating for new or
old steel '

¢ Cures through wide temperature range

e Self-priming topcoat over most existing coatings

» Can be overcoated with wide range of topcoats

* Compatible with prepared damp surfaces

¢ Compatible with adherent rust remaining on prepared
surfaces

* 5 mils or more in a single coat ,

* Resists high humnidity and moisture

Amerlock’s low solvent level meets VOC requirements, reduces

the chances for film pinholing and solvent entrapment at the

substrate-coating interface, often a major cause of coating
failure with conventional epoxies and lower solids systems.

Amerlock 400 is available in a variety of colors, including
aluminum, and therefore does not require a topcoat. For

extended weatherability or special uses, a topcoat may be
desired. ) :

Typical Uses

Amerlock 400 is used in those areas where blasting is
impractical or impossible. As a maintenance coating, Amerlock
400 protects steel structures in industrial facilities, bridges,
tank exteriors, marine weathering, offshore, oil tanks, piping,
roofs, water towers and other exposures. Amerlock 400 has
good chemical resistance to splash/spillage, fumes and
immersion in neutral, fresh and salt water (see resistance
table). Contact your Ameron representative for specific
information.

Typical Properties
Physical
Abrasion resistance (ASTM D4060)
1kgload/1000 cycles weight loss
CS-17 wheel ‘ 102 mg
Impact resistance (ASTM D2794)
Direct 24in-lb
Reverse 6in-1b
Moisture vapor transmission (ASTM F1249)
4.49 g¢/m*
Adhesion (ASTM D4541) 900 psi
Performance

Salt spray (ASTM B117) 3000 hours
Face blistering None
Humidity (ASTM D2247) 750 hours
Face corrosion, blistering None
Immersion (NACE TM-01-69) fresh water 1 year
blistering None

Amerlock® 400

High-solids epoxy coatin.g

Physical Data
Finish Semigloss
Color Standard, Rapid Response,

custom colors and aluminum

White and light colors may show yellowing on aging. Do not use Amercoat 861
with white or light colors or with 400FD cure. With white and light colors, 400FD
cure will cause yellowing.

Yellow, red and orange colors will fade faster than other colors due to the
replacement of lead-based pigments with lead-free pigments in these colors

Components 2
Curing mechanism Solvent release and chemical
reaction between components

Volume solids (ASTM D2697 modified)

400 83% 3%
400AL 88% + 3%
Dry film thickness (per coat)  5-8 mils (125-200 microns)
Coats lor2
Theoretical coverage ft*/gal m?¥/L
1 mil (25 microns)
400 1331 326
400AL 1412 34.7
5 mils (125 microns)
400 266 6.5
400AL . 282 6.9
VOC lb/gal g/L
400 mixed 1.4 168
mixed/thinned (*/2 pt/gal) 1.7 204
400AL mixed 1.0 120
mixed/thinned (1'2 pt/gal) 2.0 240
400FD mixed 1.2 144
mixed/thinned ("/z pt/gal) 1.6 192
Temperature resistance, dry  °F °C
continuous : 200 93
intermittent 350 177
Flash point (SETA) °F °C
400 resin 131 55
400 cure 85 29
400FD cure 87 30
400AL resin 110 43
400AL cure 116 47
Amercoat® 8 67 19
Amercoat 65 78 25
Amercoat 12 0 -18
Qualifications
USDA - Incidental food contact
NFPA-Class A

NSF Standard 61 - For use in drinking water;
Amerlock 400 and 400FD - White, Ivory and RT-1805 Blue,
Certain restrictions do apply.



Chemical Resistance Guide

Splash and Fumes and

Environment Immersion Spillage Weather
400 400AL 400 400AL 400 400AL
Acidic . * F F G G
Alkaline * . E G E E
Solvents . . G G E E
Salt water E E E E E E
Water E E E E E E
F-Fair G-Good E-Excellent

*Contact your Ameron represer:tative.

This table is only a guide to show typical resistances of Amerlock 400
and 400AL. For specific recommendations, contact your Ameron
representative representative for your particular corrosion protection
needs. \

Systems using Amerlock 400 or 400AL

1% coat 2™ Coat*** 3 coat***
400 None None
400 450HS None
Amershield™ None
400* 400 None
Dimetcote®9, 9FT
or21-9 400 None
Dimetcote 9, 9FT
or21-9 400 450HS
**Water immersion.

**<Lor color contrast when 2 coats of 400AL are used, 400AL red can
be used as first coat.

Recoat/Topcoat time °Fr°C
minimum (hours) 90/32 70/21 50/10
400 8 16 30
400 with 1 pt 861 4 7 16
400FD ' 2 31, 10
400AL 3 12 48
400AL with /2 pt 861 3 5 12

Recoat/Topcoat time @ 70°F (21°C)

System Maximum time

400/400 3 months

400 with 861/400 1 month

400FD/400FD 2 weeks

400/Amershield or 450HS 1 month

400FD/Amershield or 450HS 7 days

400 with 861/Amershield or 450HS 2 weeks

Note: If maximum time is exceeded, roughen surface. For topcoats
(finish coats) not listed, see Product Data sheet for specific topcoat
time limitations.

Application Data Summary

See Application Instructions for complete information on
surface preparation, environmental conditions, application
procedures and equipment. To obtain maximum performance,
apply as recommended. Adhere to all safety precautions '
during storage, handling, application and drying periods.
Surface Preparation

Coating performance is, in general, proportional to the degree
of surface preparation. Abrasive blasting is usually the most
effective and economical method. When this is impossible or
impractical, Amerlock 400 can be applied over mechanically
cleaned surfaces. All surfaces must be clean, dry and free of all
contaminants, including salt deposits.

400PDS

Application Data

Applied over Steel, concrete, aluminum,
galvanizing
Surface preparation
Steel SSPC-SP2, 3,7 0r 10
Concrete ASTM D4259 or 4260
Aluminum Alodine®, Alumiprep® or light
abrasive blast
Galvanizing Galvaprep® or light abrasive
blast

Airless or conventional spray.
Brush or roller may require
additional coats.

1 partresin to 1 part cure

Method

Mixing ratio (by volume}

Pot life (hours) °F/°C
861 Accelerator Amerlock 90/32 70/21 50/10 32/0
Amount /mixed 5 gal

None 400 11, 2, 4 7

400AL 3% S'% 10 15

400FD 1 1, 2, 4

2 pt 400 1 1Y 2, 4

400AL 1 1l 2V, 4

1pt 400 Y 1 1 2

Pot life is the period of time after mixing that a five-gallon unit of
material is sprayable when thinned as recommended. Mixture may
appear fluid beyond this time, but spraying and film build character-
istics may be impaired.

Environmental conditions

Product Air and Surface Temperature
Amerlock 400 or 400 AL 40°t0 122°F ( 4° 10 50°C)
Amerlock with 861 20°to 122°F (-6° to 50°C)
Amerlock 400FD cure 20°to 122°F (-6° to 50°C)

Surface temperatures must be at least 5°F (3°C) above dew
point to prevent condensation. At freezing temperatures,
surface must be free of ice.

Do not use Amerlock 400AL on water damp surfaces. Do not use
400FD cure with400AL resin.

Drying time (ASTM D1640) (hours)

touch
861 Amerlock °Fr°C
Amt  /mixed Sgal 120/49 90/32 70/21 50/10 32/0 20/-6
None 400 12 4% 9 28 96 NR
400AL 1 4 12 36 96 NR
400FD cure Vy 1 2 8 24 48
pt 400 © 1 3 5 24 72 120
400AL 1 1% 2% 5 10 24
1pt 400 1 2 4 15 48 96
through
Nonc 400 6 12 20 40 140 NR
400AL 11, 7y 24 72 216 NR
400FD cure 1, 2, 4, 13 38 96
l,pt 400 3 6 10 30 96 180
400AL 2 4 9 24 48 120
1pt 400 2%, 5 9 24 72 160

Cure for immersion (days)

None 400 2 4 7 21 NR NR
400AL 2 4 7 21 NR NR
400FD cure 1 2 3 7 21 NR

l,pt  400AL 1 2 3 7 21 NR

Ipt 400 1 2 3 7 21 NR

Amercoat 861 Accelerator will slightly discolor Amerlock 400 white
and other Amerlock light colors. Do not use 861 Accelerator with
400FD cure.

NR = Not recommended



Safety Precautions

Read each component's material safety data sheet before use.
Mixed material has hazards of both components. Safety
precautions must be strictly followed during storage, handling,
and use.

This product is for industrial use only. Not for residential
use in California.

Warranty

Ameron warrants its products to be free from defects in
material and workmanship. Ameron'’s sole obligation and
Buyer's exclusive remedy in connection with the products shall
be limited, at Ameron’s option, to either replacement of
products not conforming to this Warranty or credit to Buyer’s
account in the invoiced amount of the npnconforming
products. Any claim under this Warranty must be made by
Buyer to Ameron in writing within five (5) days of Buyer's
discovery of the claimed defect, but in no event later than the
expiration of the applicable shelf life, or one year from the
delivery date, whichever is earlier. Buyer's failure to notify
Ameron of such nonconformance as required herein shall bar
Buyer from recovery under this Warranty.

Ameron makes no other warranties concerning the
product. No other warrantics, whether express, implicd, or
statutory, such as warranties of merchantability or fitness
for a particular purpose, shall apply. In no event shall
Ameron be liable for consequential or incidental damages.

Any recommendation or suggestion relating to the use of the
products made by Ameron, whether in its technical literature,
or in response to specific inquiry, or otherwise, is based on

data believed to be reliable; however, the products and
information are intended for use by Buyers having requisite
skill and know-how in the industry, and therefore it is for Buyer
to satisfy itself of the suitability of the products for its own
particular use and it shall be deemed that Buyer has done so, at
its sole discretion and risk. Variation in environment, changes
in procedures of use, or extrapolation of data inay cause unsat-
isfactory results.

Thinner Amercoat 8 or 65
Equipment cleaner Thinner or Amercoat 12
Shipping Data
Packaging unit 2 gal 5gal
cure 1-gal can 2.5-gal can
resin 1-galcan 2.5-galcan
Shipping weight (approx) lbs kg
2-gal unit
400 cure 12.5 5.7
400FD cure 12.2 5.5
400 resin 13.7 6.2
400AL cure 12.1 5.5
400AL resin 11.0 5.0
5-gal unit
400 cure 31.8 14.4
400FD cure 31.2 14.2
400 resin 35.0 15.9
400AL cure 30.9 14.0
400AL resin 28.3 12.8

Shelf life when stored indoors at 40° to 100°F (4° to 38°C)

resin and cure 1 year from shipment date.
Numerical values are subject to normal manufacturing tolerances, color and
testing variances. Allow for application losses and surface irregularities.
This mixed product is photochemically reactive as defined by the South Coast Air
Quality Management District’s Rule 102 or equivalent regulations.

Limitation of Liability

Ameron’s liability on any claim of any kind, including claims
based upon Ameron's negligence or strict liability, for any loss
or damage arising out of, connected with, or resulting from the
use of the products, shall in no case exceed the purchase price
allocable to'the products or part thereof which give rise to the
claim. In no event shall Ameron be liable for consequential
or incidental damages.

400P0S



OPERATIONS AND MAINTENANCE MANUAL
MULTIPHASE RECOVERY SYSTEM

FUEL FARM 216

NAS CORPUS CHRISTI, TEXAS

ATTACHMENT 10 -

NEPCCO GROUNDWATER REMEDIATION SYSTEM MANUAL

Applied Earth Sciences, Inc. February 1997



“ A Division of ZENTOX Corporation

2140 N.E. 36th Ave., Ocala, FL 34470
800 277-3279 » Fax 352 867-1320
EM nepcco@zentox.com

Welcome!

Thank you for choosing NEPCCO as your equipment supplier. At NEPCCO, we
are committed to developing outstanding products that are easy to use; our goal
is to significantly enhance your productivity.

We are equally committed to providing you with the highest standard of service
and support after you have purchased a NEPCCO product. We believe that the
quality of our support and customer service is as important as the quality of our

products.

Please don’t hesitate to let me know how we are doing. It is through your
comments and suggestions that we learn how we can continue to improve our
products and services. Our toll free Customer Support No. is 800-277-3279.

We value you as a customer, and we want you to be as pleased with your
NEPCCO product as we are in bringing it to you.

Sincerely,

-

Chris Dobbs
Quality Assurance Manager



UNLOADING PROCEDURE FOR
NEPCCO SKID MOUNTED EQUIPMENT

BEFORE ATTEMPTING TO UNLOAD ANY EQUIPMENT, ENSURE THAT
NO DAMAGE HAS OCCURRED DURING SHIPMENT.

FORKLIFT

NOTE: NEPCCO DOES NOT RECOMMEND THAT SYSTEMS OF
EXCESSIVE WEIGHT OR SIZE (LARGER THAN 6" X 12') OR
CONTAINERIZED SYSTEMS (BUILDINGS) BE UNLOADED WITH A
FORKLIFT. FORKLIFT SLOTS ON 8 X 16" AND 10’ X 20’ SKIDS ARE
INTENDED ONLY FOR MOVING THE SKID AT THE NEPCCO FACTORY.

1) Verify that all shipping restraints have been removed.
2) Allow forks to enter the fork slots as far as possible.
3) Lift the skid and tilt as necessary to clear trailer bed..

4-) Back away from trailer until the unit is clear, then lower the unit for
transportation.

5) Set skid into place and withdraw forks from fork slots.

1) Verify that all shipping restraints have been removed.

2) Containerized units (buildings), as well as many skid-mounted
systems, require the use of cable spreader bars when unloading with a
crane. The distance between the spreader bar eyes should be a

minimum of 12,



Start-Up Procedures

Engineering Drawings
Components List

Vacuum Pump

Transfer Pumps

Oil/Water Separator

Control Panel
Misc. System Components

Maintenance & Troubleshooting

Notes
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INSTALLATION & START UP PROCEDURES
NEPCCO #1028

Read the entire manual before operating this system. The manual contains
specific information about the equipment on this system.

Install skid on a level concrete pad with a minimum perimeter of 6" around
the skid base. Anchor bolts or clip fasteners are recommended to secure the
skid to the pad. Place and secure the oil/water separator and the storage
tanks. THE SYSTEM MUST BE LEVEL TO OPERATE PROPERLY.

Connect the influent and effluent lines to system piping as per process and
instrumentation diagram numbered 1028-2-01.

Ensure all valves are open/closed per the process and instrumentation
diagram, and close all petcocks and sample ports.

Mount the control panel in a suitable non-hazardous location.

All electrical work should be performed by a qualified electrician in
accordance with the latest edition of the National Electric Code, local codes
and regulations. This system requires 240 VAC single phase power with
neutral and ground. NOTE: CONNECT AC POWER IN ACCORDANCE WITH NEC
ARTICLE 384-3 WITH HIGH VOLTAGE LEG ON.B PHASE. Short circuit
protection should be provided according to the total load summary of the
system. Refer to the Ladder Logic/Power Wiring Diagrams for electrical

- integration of the system Integrate the telemetry unit with the telephone

network.

Turn all control panel switches to the “OFF” position and ensure that the
main power disconnect (supplied by others on site) is in the “OFF” position.

Place all circuit breakers inside FP-1 in the “ON” position and close the
front panel.

Turn on power at the main power disconnect.
Place the system power switch in the “RUN” position.

Turn the switches for the transfer pumps and the motorized valves to the
“AUTO" position. Refer to the Control Logic description in this section for
conditions of automatic operation.



CONTROL LOGIC 6/2/97

PROJECT NUMBER: 1028

~ PROJECT NAME: APPLIED EARTH SCIENCE

OPERATORNNDICATOR

SYSTEM SWITCH “OFF*

SYSTEM SWITCH "RUN"

SYSTEM "RUN" LAMP

SYSTEM "OFF" LAMP
VACUUM PUMP VP-1 SWITCH "MANUAL"

VACUUM -PUMP VP-1 SWITCH "AUTO"

VACUUM PUMP VP-1 "ON" LAMP

TRANSFER PUMP P-1 SWITCH "MANUAL"®

TRANSFER PUMP P-1 SWITCH "AUTO"

TRANSFER PUMP P-1 "ON" LAMP
TRANSFER PUMP P-2 SWITCH "MANUAL®

TRANSFER PUMP P-2 SWITCH "AUTO"

TRANSFER PUMP P-2 "ON" LAMP
LEVEL SWITCH LOW #1/LSL-1
LEVEL SWITCH HIGH #1/LSH-1
LEVEL SWITCH HIGH #2/LSH-2

LEVEL SWITCH LOW #3/LSL-3

DESCRIPTION

RESETS SYSTEM (FAILSAFE, TIMERS). INITIATES 1 MIN.
DELAY TO LOCKOUT OXIDIZER ALARM INPUT. INITIATES
30 MIN. DIALOUT DELAY.

STARTS SYSTEM. SYSTEM WILL OPERATE ACCORDING TO
FOLLOWING INPUT AND PROGRAM CONDITIONS FOUND IN

THE PLC.

ON WHEN SYSTEM SWITCH IS IN "RUN" POSITON.
FLASHES WHEN SYSTEM SWITCH IS IN "RUN" POS. AND
OXIDIZER IS STANDING BY(BELOW 1400 °F). '

ON WHEN SYSTEM SWITCH IS IN "OFF* POSITON.

TURNS ON VACUUM PUMP VP-1.

TURNS ON VACUUM PUMP VP-1. IF FAILSAFE
CONDITIONS ARE FOUND, VP-1 WILL BE SHUT DOWN.
WILL NOT RUN IF OXIDIZER TEMP. IS BELOW 1400 °F.

ON WHEN VACUUM PUMP VP-1 IS RUNNING.
TURNS ON TRANSFER PUMP P-1.

TRANSFER PUMP P-1 WILL OPERATE ACCORDING TO
RESPONSES LISTED AFTER LSH-1 AND LSL-1. IF
FAILSAFE CONDITIONS ARE FOUND, P-1 WILL BE SHUT
DOWN. WILL NOT RUN IF OXIDIZER TEMP. IS BELOW 1400

°F.
ON WHEN TRANSFER PUMP P-1 IS RUNNING.

TURNS ON TRANSFER PUMP P-2.

TRANSFER PUMP P-2 WILL OPERATE ACCORDING TO
RESPONSES LISTED AFTER LSH-3 AND LSL-3. IF
FAILSAFE CONDITIONS ARE FOUND, P-1 WILL BE SHUT
DOWN. WILL NOT RUN IF OXIDIZER TEMP. IS BELOW 1400

.
ON WHEN TRANSFER PUMP P-2 IS RUNNING.

TURNS OFF TRANSFER PUMP P-1 AND CLOSES SOLENOID
VALVE SV-1.

TURNS ON TRANSFER PUMP P-1.

OPENS SOLENOID VALVE SV-1.

TURNS OFF TRANSFER PUMP P-2.

Page 1



CONTROL LOGIC 612197

PROJECT NUMBER: 1028
PROJECT NAME: APPLIED EARTH SCIENCE

OPERATOR/INDICATOR
LEVEL SWITCH HIGH #3/LSH-3
LEVEL SWITCH LOW#4/LSL-4
LEVEL SWITCH HIGH #4/LSH4

OXIDIZER AUTO INPUT

LEVEL SWITCH LOW #5/LSL-5
LEVEL SWITCH HIGH #5/LSH-5
TEMPERATURE SWITCH

MOTORIZED VALVE MV-1 SWITCH
“"MANUAL"

MOTORIZED VALVE MV-1 SWITCH “‘AUTO"

MOTORIZED VALVE MV-2 SWITCH
“MANUAL"

MOTORIZED VALVE MV-2 SWITCH “AUTO"

MOTORIZED VALVE MV-3 SWITCH
“MANUAL"

MOTORIZED VALVE MV-3 SWITCH "AUTO"

MOTORIZED VALVE MV-4 SWITCH
“MANUAL"

DESCRIPTION
TURNS ON TRANSFER PUMP P-2
CLOSES MOTORIZED VALVE MV-6
OPENS MOTORIZED VALVE MV-6

SHUTS DOWN VACUUM PUMP, TRANSFER PUMS, STOPS
MOTORIZED VALVE CYCLE TIMER AND CLOSES SOLENOID
VALVES WHILE OXIDIZER TEMP IS LESS THAN 1400°F

OPENS SOLENDOID VALVE SV-2 AND SV3. CLOSES Sv-4.
CLOSES SOLENOID VALVE SV-2 AND SV-3. OPENS SV4.

OPENS SOLENOID VALVE SV-2 AND SV-3 AND CLOSES SV-
4 WHEN TANK T-2 WATER TEMP. IS ABOVE 125°F. CLOSES
SOLENOID VALVE SV-2 AND SV-3 AND OPENS Sv-4 WHEN
TANK T-2 WATER TEMP. IS BELOW 115°F.

OPENS MOTORIZED VALVE MV-1

AFTER MOTORIZED VALVE MV-56 CLOSES, MV-1 WILL OPEN
FOR 3.0 HOURS. IF FAILSAFE CONDITIONS ARE FOUND,
MV-1 WILL BE CLOSED. WHEN OXIDIZER IS BELOW 1400°F
BALL VALVE CYCLE TIMER WILL BE STOPPED AND RETAIN
VALUE.

OPENS MOTORIZED VALVE MV-2

AFTER MOTORIZED VALVE MV-1 CLOSES, MV-2 WILL OPEN
FOR 2.0 HOURS. IF FAILSAFE CONDITIONS ARE FOUND,
MV-2 WILL BE CLOSED. WHEN OXIDIZER IS BELOW 1400°F
BALL VALVE CYCLE TIMER WILL BE STOPPED AND RETAIN
VALUE.

OPENS MOTORIZED VALVE MV-3

AFTER MOTORIZED VALVE MV-2 CLOSES, MV-3 WILL OPEN
FOR 1.5 HOURS. IF FAILSAFE CONDITIONS ARE
FOUND,MV-3 WiLL BE CLOSED. WHEN OXIDIZER IS
BELOW 1400°F BALL VALVE CYCLE TIMER WILL BE
STOPPED AND RETAIN VALUE.

OPENS MOTORIZED VALVE MV-+4
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CONTROL LOGIC 6/2/97

PROJECT NUMBER: 1028
PROJECT NAME: APPLIED EARTH SCIENCE

OPERATORANDICATOR DESCRIPTION

MOTORIZED VALVE MV-4 SWITCH "AUTO" AFTER MOTORIZED VALVE MV-3 CLOSES, MV-4 WILL
OPEN FOR 0.75 HOUR. IF FAILSAFE CONDITIONS ARE

FOUND, MV-4 WILL BE CLOSED. WHEN OXIDIZER IS
BELOW 1400 °F BALL VALVE CYCLE TIMER WILL BE
STOPPED AND RETAIN VALUE.

MOTORIZED VALVE MV-5 SWITCH OPENS MOTORIZED VALVE MV-5
"MANUAL*

MOTORIZED VALVE MV-5 SWITCH "AUTO" AFTER MOTORIZED VALVE MV-4 CLOSES, MV-5 WILL
OPEN FOR 0.75 HOUR. IF FAILSAFE CONDITIONS ARE

FOUND, MV-5 WILL BE CLOSED. WHEN OXIDIZER IS
BELOW 1400 °F BALL VALVE CYCLE TIMER WILL BE
STOPPED AND RETAIN VALUE.

MOTORIZED VALVE MV-6 SWITCH OPENS ON MOTORIZED VALVE MV-6
“MANUAL"

MOTORIZED VALVE MV-6 SWITCH "AUTO" MOTORIZED VALVE MV-6 WILL OPERATE ACCORDING TO
RESPONSES LISTED AFTER LSH-4 AND LSL-4. IF
FAILSAFE CONDITIONS ARE FOUND, MV-6 WILL BE

CLOSED.
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CONTROL LOGIC
PROJECT NUMBER: 1028
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OPERATOR/INDICATOR

ALARMS:

LEVEL SWITCH HIGH-HIGH #1/LSHH-1
OXIDIZER

LEVEL SWITCH HIGH-HIGH #1/LSHH-1
OXIDIZER ALARM LAMP

LEVEL SWITCH HIGH-HIGH #2/LSHH-2

LEVEL SWITCH HIGH-HIGH #2/LSHH-2
ALARM LAMP

LEVEL SWITCH HIGH-HIGH #3/L.SHH-3

LEVEL SWITCH HIGH-HIGH #3/LSHH-3
ALARM LAMP '

LEVEL SWITCH HIGH-HIGH #4/LSHH-4

LEVEL SWITCH HIGH-HIGH #4/LSHH-4
ALARM LAMP

LEVEL SWITCH HIGH-HIGH #5/LSHH-5 &
LEVEL SWITCH HIGH-HIGH #6/LSHH-6
(SUMP)

LEVEL SWITCH HIGH-HIGH #5/LSHH-5 &
LEVEL SWITCH HIGH-HIGH #6/L.SHH-6
ALARM LAMP

WARNING BEACON

DESCRIPTION

SHUTS DOWN VACUUM PUMP, TRANSFER PUMPS,
OXIDIZER, CLOSES MOTORIZED VALVES AND SOLENOID

VALVES UNTIL MANUALLY RESET.
INITIATES ALARM CONDITION DIALOUT

FLASHES (SLOW) WHEN TANK T-1 LEVEL HIGH-HIGH
ALARM CONDITION EXISTS.

FLASHES (FAST) WHEN OXIDIZER ALARM CONDITION
EXISTS. ‘

SHUTS DOWN VACUUM PUMP, TRANSFER PUMPS,
OXIDIZER, CLOSES MOTORIZED VALVES AND SOLENOID
VALVES UNTIL MANUALLY RESET.

INITIATES ALARM CONDITION DIALOUT

FLASHES (SLOW) WHEN TANK T-2 LEVEL HIGH-HIGH
ALARM CONDITION EXISTS. FLASHES (FAST) WHEN LRV
OVERLOAD BREAKER TRIPS.

SHUTS DOWN VACUUM PUMP, TRANSFER PUMPS,
OXIDIZER, CLOSES MOTORIZED VALVES AND SOLENOID
VALVES UNTIL MANUALLY RESET.

INITIATES ALARM CONDITION DIALOUT

FLASHES (SLOW) WHEN TANK T-4 LEVEL HIGH-HIGH
ALARM CONDITION EXISTS

SHUTS DOWN VACUUM PUMP, TRANSFER PUMPS,
OXIDIZER, CLOSES MOTORIZED VALVES AND SOLENOID
VALVES UNTIL MANUALLY RESET.

INITIATES ALARM CONDITION DIALOUT

FLASHES (SLOW) WHEN TANK T-5 LEVEL HIGH-HIGH
ALARM CONDITION EXISTS

SHUTS DOWN VACUUM PUMP, TRANSFER PUMPS,
OXIDIZER, CLOSES MOTORIZED VALVES AND SOLENOID
VALVES UNTIL MANUALLY RESET.

INITIATES ALARM CONDITION DIALOUT

FLASHES (SLOW) WHEN TANK T-6 LEVEL HIGH-HIGH OR
SUMP LEVEL HIGH-HIGH ALARM CONDITION EXISTS

FLASHES WHEN ANY ALARM CONDITION EXISTS
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MLP STANDARD SUMP OP-5
PN 50-0095

A= 28" OVERALL LENGTH
B= 20" HIHI

C=14" Hi

D= 4 LO

MLP OP-12, OP-20
PN 50-0095-03

A= 40" OVERALL LENGTH
B=32" HIHI

C=25" H!

D= 4" LO

|

[ﬂ] ) MLP MC - 20
PN 50-0095-04

le- O

PLAN VIEW A= 40" OVERALL LENGTH
B= 20" HIHI
C=10" HI

0 o o o COMMON D= 4" LO

HH

MLP LOWPROFILE SUMP
HI PN 50-0095-05

A= 21" OVERALL LENGTH
B=16" HIHI

C=10" HI

D= 4" LO

B( MLP SPECIAL APPLICATION
A= _%{ * OVERALL LENGTH
B=_ 70 "

HI Hi

C=_3%_ "H

D= ¢ " LO

—

LO MLP OP-50

) A= 56" OVERALL LENGTH
B= 36" HIHI
J C=29" HI

D=6" LO

SCHEMATIC

NOTES:
A) ALL REED SWITCHES NORMALLY OPEN (FLOATS DOWN) NOTE:

B.) HI-HI = RED WIRE NEPCCO Muitilevel Probes are
C.) HI = YELLOW WIRE Intended for 5VDC use ONLY !
D.) LO = BLACK WIRE '

E.) COMMON = GREEN WIRE

F.) DO NOT PAINT DRUM BUNG

Drawn by wc |Date 01/11/95 Title MULTILEVEL PROBE
Chkd byZZ7 Rev A om 550 GAL. TWve (B NEPCCO

pproved Approved QA Drawing No  ES-4-020-090 Project No Customer No.

@ Customer ¢ A4 S JOZS 293056 /691
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Myers pump performance curves
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45
46
47

48

49

50

51

52

53

54
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56
57
58
59
60

61
62
63
64
65
66
67

68
69
70
71

72
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NO.
ITEM REQ.

P&ID
LABEL

DESCRIPTION AND SPECIFICATIONS

CONTROLS (NEMA 4) CONTINUED

1
1
1

5
6
12
12’

1 WBB806

LEGEND PLATE, RED FIELD/WHITE LETTERS "LSHH-4"

LEGEND PLATE, RED FIELD/WHITE LETTERS "LSHH-5"

2" X 8" LEGEND PLATE, BLACK FIELD/ 3/4" WHITE LETTERS
FIELD PANEL FP-1

1" X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4® WHITE LETTERS
VACUUM PUMP VP-1

1" X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4* WHITE LETTERS
TRANSFER PUMP P-1

1" X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4" WHITE LETTERS
TRANSFER PUMP P-2

1* X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4" WHITE LETTERS
MOTORIZED VALVE Sv-1

1* X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4" WHITE LETTERS
MOTORIZED VALVE SV-2

1" X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4" WHITE LETTERS
MOTORIZED VALVE SV-3

1" X 2-7116" LEGEND PLATE, BLACK FIELD/ 1/4 WHITE LETTERS
MOTORIZED VALVE SV-4

1* X 2-7/16" LEGEND PLATE, BLACK FIELD/ 1/4" WHITE LETTERS
MOTORIZED VALVE SV-5

1* X 3" WIRING DUCT, WHITE

1" WIRING DUCT COVER, WHITE

2" X 3" WIRING DUCT, WHITE

2" WIRING DUCT COVER, WHITE

WARNING BEACON, 120 VAC

MOTOR STARTERS/CONTACTORS

1 M621 IEC CONTACTOR, 5§ HP, 240 VAC, 10, 120 VAC COIL
1 Me621 IEC BIMETALLIC THERMAL OVERLOAD RELAY, 16-24 AMP
i M624 IEC CONTACTOR, 2 HP, 240 VAC, 13, 120 VAC COIL
1 M624 IEC BIMETALLIC THERMAL OVERLQAD RELAY, 6-10 AMP
1 M627 IEC CONTACTOR, 1 HP, 240 VAC, 1@, 120 VAC COIL
1 Me627 1EC BIMETALLIC THERMAL OVERLOAD RELAY, 4.0-6.0 AMP
1 MCR300 CONTACTOR, 20 AMP, 2 POLE, 120 VAC COIL
SENSORS
1 LSHH-2 LIQUID LEVEL SWITCH
1 LSHH-3 TANKFULL PROBE, 40', W/ FORKS
3 LSU/H-4 CONDUCTIVITY PROBE, WARRICK SERIES 3W2 (303 S.S.)
1 LSHH-6 CONDUCTIVITY PROBE, WARRICK SERIES 3W2 (303 S.S.)
PROBES & EXTENSIONS
1 LSH/L-1,2 MULTILEVEL PROBE, CUSTOM
1 LSH/L-3 MULTILEVEL PROBE, CUSTOM
1 LSHH-5 DEWATERING 50", LEVEL PROBE W/ ONE FLOAT
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9001-KN7998P
9001-KN799BP

E1X3WH6
C1WHS6
E2X3WH6
C2WHsé
150-0006

100-A30ND3
193-BSC24

100-A12ND3
193-BSC10

100-A09ND3
193-BSB60

130-0041
50-0033
3wW2
3wz

50-0079-01
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110

111
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NO.
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1

LABEL

PUMPS

VP-1

p-2

DESCRIPTION AND SPECIFICATIONS

LIQUID RING VACUUM PUMP MODEL # A-75 WITH

5 HP, 240VAC, 1 @, XP MOTOR

TOTAL FLUIDS PUMP MODEL #18G1514, 10.1 TO 20 GPM W/
RYTON DIFFUSERS AND IMPELLERS

MOTOR, 1 1/2 HP, 240V, 1 PH, 2 WIRE

MYERS MODEL 100M-1/2, 3 15/16" IMPELLER

1/2 HP, 240 VAC, 1 PH, XP, 56C, 3450 RPM, 5/8" SHAFT, W/O.L.
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1.0 General Description

1.1 LIQUID RING VACUUM PUMPS -
PRINCIPLE OF OPERATION

The liquid ring pump removes gases by
means of an impeller rotating freely in an
eccentric casing. The pumping is done by a
fiquid, usually water, that is fed into the
pump and thrown by centrifugal force into a
moving ring along the casing or cover wall.

When gas or vapor enters the suction port,; it
is trapped by the whirling impeller blades
and a liquid piston that expands in the ec-
centric lobe of the casing. As the impeller
rotates, the liquid is then pushed inward by
the narrowing space between rotor and cas-
ing, compressing the trapped pocket of gas.
Finally the compressed gas is released
through a discharge port as the impeller
completes the revoiution.

The direct contact between the liquid ring
and the gas makes the pump ideal for wet
applications and for handling condensibles
that are discharged with the gas and liquid.
Unlike rotary vane and piston pumps, the
operation of a liquid ring vacuum pump is
nearly isothermal and without vibration.
There is no oit to be changed or pollutant
released into the environment. Because
there are no valves and no rubbing parts, a
liquid ring pump is virtually maintenance-
free.

With liquids other than water, vapor
pressure in the pump can be reduced for
high vacuum or compatibility achieved
with specific process gases. In some cases,
distillate or another fluid is introduced
directly into the suction pump inlet and vus-
ed as the liquid seal.

Liquid ring pumps are also commonliy stag-
ed with positive displacement blowers, air
and steam ejectors for greater capacity and
higher vacuum. Atlantic Fluidics offers
many such staged units—including its
patented Fluid-Vac two-stage system with
roots-type blower, liquid ring back up and
unique fluid coupling design.

1.2 FLUID-VACSPECIAL FEATURES

One of the distinguishing features of an
Atlantic Fluidics’ pump is an axial flow

“design that permits the widest range and

highest vacuum of any single-stage liquid
ring pump. A fixed port cylinder concentric
with the rotor bore directs the gas along the
shaft axis, into the suction ports of the rotor,
and finally back through the rotor and rear
of the pump for discharge.

Because the gas flow is along the motor
shaft (and not at right angles), the pump
can start flooded without damage and has
excellent water handling capacity. The use
of a shrouded rotor also increases pumping
efficiency for high vacuum and lower water
consumption. The pump head, close-
coupled to a ‘‘C’’-Face motor, is extremely
compact and requires no interstage
manifold as do the older style pumps and
their copies.

Further advantages to Fluid-Vac pumps in-
clude the use of modern O-Rings and
Mechanical Seals rather than gaskets and
stuffing boxes, and a replaceable port
cylinder for fast in-the-field repair. The
standard material of construction is bronze
with a hardened aluminum bronze rotor so
that any wear or damage is relegated to the
least expensive parts.

1.3 WARRANTY

The seller warrants and guarantees pro-
ducts of its manufacture against defective
workmanship or material for a period of
one year from the date of shipment from its
factory. This warranty and guarantee is ex-
pressly and strictly limited to replacing
without charge any part or parts which pro-
ve. 1o its satisfaction, upon examination, to
have been defective and which have not
been neglected, abused or misapplied, pro-
vided the Buyer gives the Seller immediate



FLUID-VAC

AXIAL FLOW DESIGN

written notice upon discovery of any claim-
ed defect. Material deemed defective must
be returned to the factory, transportation
charges to and from the factory to the place
of origin pre-paid, F.0.B.

Anything herein to the contrary not-
withstanding, the Seller will guarantee
component parts manufactured by others,
including, but not limited to, prime movers,
starting equipment, electrical apparatus,
and auxiliary fittings only to the same ex-
tent of the guarantee made by the manufac-
turer of such equipment.

1.4 SERVICE and PARTS

Fluid-Vac pumps are 100% designed and
manufactured in the United States. All
parts are maintained in inventory for im-
mediate shipment from our factory in
Stamford, Connecticut. At the back of this
manvual is a list of parts and recommenda-
tions for spares to keep on hand.

The reputation of Atlantic Fluidics is staked
on fast service and practical assistance in
designing vacuum systems for specific ap-
plications. Specializing in the liquid ring
field, the company was created by and for
ENGINEERS.



2.0 Installation

2.1 LOCATION

Because of its close-coupled design, a Fluid-
Vac pump is ideal for applications where
space is critical. Its vibrationless operation
permits direct bolting to the floor or moun-
ting on a baseplate anywhere that is conve-
nient for piping. The standard motors fur-
nished by Atlantic Fluidics are of either the
Open Drip Proof (ODP) variety, for dry in-
door locations, or Totally Enclosed Fan
Cooled (TEFC) for areas where the motor
may be exposed to water. Special motors
are available for hazardous locations.

The pump needs no adjustment, alignment
or coupling, guard, etc., and because the
pump runs COOL, no special ventilation is
necessary—or access for checking sight
glasses and oil.

In choosing a location, the main considera-
tion should be the pump’s proximity to the
vacuum system and convenience for drain-
ing discharge and piping the seal water.

2.2 GENERAL PIPING INSTRUCTIONS

"The Inlet, Discharge and Seal Water Piping
require observance of three basic rules:

A. Piping must be free of all welding
shot, slag and other foreign matter that
could damage pump.

B. Piping must be supported in-
dependently to avoid stress on pump casing.

C. Piping should be of the same diameter
as the pipe connections on pump.

2.21 VACUUMINLET PIPING

Inlet piping is a simple matter of connecting
the pump to the vacuum system. Models
Al10, Al5 and A20 vacuum pumps have
threaded one inch connections on their
covers for direct piping. The larger pumps
feature flange faces.

An inlet check valve is recommended to
prevent vacuum loss and back streaming
when the pump shuts down. Avoid using
spring loaded valves not designed for
vacuum service.

An optional vacuum gauge can be mounted
between the pump and check valve to
measure inlet vacuum.

2.22 DISCHARGE PIPING

Depending on the application, there are a
number of ways to handle the discharged li-
quid and gas. If there are no poillutants, the
simplest scheme is to discharge directly in-
to a drain. An Atlantic Fluidics pump can
carry up to a ten foot discharge head pro-
vided the piping from that height is pitched
toward a drain or other receptacle. EX-
CESSIVE BACK PRESSURE CAN
ADVERSELY AFFECT PUMP PERFOR-
MANCE.

A second method is to run the discharge
through a mechanical separator removing
water from the gas. Water contaminated by
sanitary waste or noxious gas may be recir-
culated as seal water or discharged into a
sanitary sewer or tank. The nature of the
contaminant will determine how often
recircutated water must be changed.
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2.23 SEALWATER PIPING

Unless liquid is pumped directly through
the vacuum inlet connection, most applica-
tions require separate piping for seal water
to enter the pump. The seal water inlet is
located directly below the vacuum inlet on
the pump’s face. Water, the most widely us-
ed liquid seal, can be piped directly from a
tap or recirculated from a discharge
separator tank. Be sure to specify if seal li-
quids other than water are to be used:
Atlantic Fluidics will make recommenda-
tions regarding compatibility of materials,
power requirements etc.

The following accessories are recommend-
ed:

A. Flow control valve (see Seal Water
Requirements)

B. Solenoid Vaive (to shut off water when
pumping stops)

3.0 Operation

C. Strainer (to prevent foreign matter
from entering the pump)

For more information about recirculating
seal water, consuit Atlantic Fluidics.

2.3 ELECTRICAL CONNECTIONS

Refer to the motor label or conduit box for
correct wiring. Most motors are three
phase and will be damaged if single phased.
Derating for 50 cycle operation at different
voltages is poss'ble if specified on motor
label. Otherwise, refer questions to
manufacturer or Atlantic Fluidics.

Be sure to jog motor before start-up to in-
sure correct wiring and rotation.

3.1 SEALWATER REQUIREMENTS

Fluid-Vac liquid ring pumps, because of
their exclusive axial flow design, have the
ability to handle large amounts of water
and can start up flooded without damage.

Seal water flow is not critical and flow rates
can be adjusted for a wide variety of ap-
plications. For most applications the op-
timum seal water rates are given below:

Vacuum Range
Pump Model 0" - 10" Hg. 10" - 25" Hg. Over 25" Hg.
A5 1.0 GPM 1.5 GPM 5.0 - 3.0 GP

A10 1.0 GPM 1.5 GPM 2.0 - 3.0 GPM

A15 1.5 GPM 2.0 GPM 2.0 - 3.0 GPM

A20 2.0 GPM 2.0 GPM 2.5 - 3.5 GPM

—  A75 2.0 GPM 2.5 GPM 3.0 - 4.0 GPM
A100 2.0 GPM 2.5 GPM 3.0 - 4.0 GPM
A130 2.0 GPM 3.0 GPM 4.0 - 5.0 GPM
A200 3.0 GPM 5.0 GPM 6.0 - 8.0 GPM

The water supply can be regulated by either a flow restrictor or manually by valve. The object
is to balance performance against water consumption and power.

THE PUMP MUST NEVER RUN DRY. The solenoid valve must be in an open position for pumping.



3.2 START-UP

Once the pump is fully piped and wired for
operation, be sure no foreign matter rnay
enter and possibly damage the pump.
Check for welding shot, slag or other metal
bits.

Before starting the pump, turn the motor
shaft by hand to be sure it is free to rotate.
On TEFC motors, you may turn the rear
fan. With ODP motors, the rotor can be
turned via the discharge port or the front
vents beneath motor.

if a hard rub is experienced, the pump
should be checked internally for in-
terference. As long as the shaft can be turn-
ed by hand, the pump is operable. A hard
rub is indicative. of improper alignment,
and the pump should be disassembled and
realigned.

A final check is to jog the motor, making
sure water is introduced into the pump and
that rotation is in accordance with the ar-
row cast on pump face. If no flow of air or
vacuum reading is immediately apparent,
rewire the motor accordingly. Rotation
should be counter clockwise facing the
pump inlet.

The pump is now ready for operation.

4.0 Trouble shooting

3.3 STOPPING PUMP

Once the power is shut off, be sure water is
stopped from entering the pump. A solenoid
valve in the seal water line is recommended
to shut off flow simultaneously with cessa-
tion of pumping.

An inlet check valve is recommended to
prevent vacuum loss or back flow to the
system.

3.4 MAINTENANCE

As a general rule, maintenance is not re-
quired for Fluid-Vac pumps. Because there
are no rubbing parts and with water acting
as coolant and lubrication during pumping,
wear is minimized. It is recommended that
the motor bearings be greased every four
years. For further information refer to the
Trouble-Shooting Chapter of this manual.

To prevent foreign matter from entering
the pump, a strainer is recommended for
the seal water line and the usual precav-
tions taken in the pump inlet piping.

4.1 PUMP WILL NOT TURN
ON START-UP

(a) Check wiring and power to pump.

(b) Remove pump cover to check for
anything that may be binding the rotor. Be
sure that the rotor turns freely by hand.
(Sec. 3.2)

(c) On cast iron pumps, check for inter-
nal rust if pump has been left idie for a long
period. Rust can build up to the point where
internal clearances are closed. Remove
rust and reassemble.

(d) In areas where there is hard water
being fed into the pump, check for scale
deposits that may hinder rotation. Scale
should be removed by acidizing, but refer to
the factory for recommended procedures.

(e) if the motor fails to turn, be sure it
isn’t a motor problem. Burn-out may occur
if a three-phase motor is single phased.

4.2 NOPUMPING ONSTART-UP

(a) Check pump rotations. It may be
rotating in reverse. Rewire motor to cor-
rect.

(b) Check seal water. Water must be fed
continuously into the pump.



4.3 POOR PUMP PERFORMANCE,
LOW VACUUM

(a) Check vacuum pump while running
by sealing off inlet piping and reading
vacuum at the pump suction. If high
vacuum is achieved, look for leaks in the
vacuum system. The pump capacity is a
function of high vacuum performance and
will conform to the published performance
curve at standard conditions. High seal
water temperatures will lower the vacuum
because of the increase in vapor pressure.
Altitude, barometric pressure, and gas
temperature can also affect high vacuum
performance.

(b) If high vacuum is not achieved on
biank-off, the problem lies in the vacuum
pump. Poor pump performance can be
caused by the following:

- Pump may not be getting enough water.
Adjust water supply and observe.change in
the performance.

- Internal parts may be worn or badly
scarred. Remove cover/port cylinder
assembly and check for wear on the porf
cylinder, rotor and cover lands. Most wear
will be limited to the softer bronze port
cylinder which should slide éasily into the
rotor bore. Replace port cylinder if
necessary. You may also polish the port
cylinder and rotor bore with a fine emery
cloth for smooth fit.

5.0 Service and Repair

4.4 PUMP UNUSUALLY NOISY

(a) Unusval continuing noise from the
motor end is probably an indication that the
motor bearings are bad. Remove cover and
spin rotor by hand. You should be able to
detect bearing noise. If indicated, replace
motor bearings.

(b) Cavitation. The vacuum pump should
not be operated on blank suction for any
length of time. When liquid ring vacuum
pumps are starved for air, cavitation will
result in a rattiing noise and vibration in the
pump. Cavitation can be eliminated by pro-
viding a slight air bleed into the vacuum
system.

4.5 HIGH AMPS

(a) Flooding the pump with too much
water, particularly at low vacuum, can
overload the motor. Adjust seal water sup-

ply.

(b) "Internal rubbing of rotor with sta-
tionary parts can cause excessive loading.
Shut off pump and rotate by hand (see 3.2)
to see if rotor turns freely. Internal rubbing
may be due to scale build-up, a galling

‘foreign material or by misalignment of

parts. (see 4.1 & 4.3b)

5.0 SERVICE and REPAIR

Fluid-Vac liquid ring vacuum pumps have
been designed to minimize down time by
allowing for fast in-the-field repair. Time
and money-saving features include:

- Modern O-Rings and mechanical seals
for zero leakage and easy replacement.

- Front end disassembly for fast access to
major internal parts.

- Shaft mounted assembly for easy align-
ment and indicating.

- Replaceable port cylinder that
unscrews from cover and requires no
special shimming or adjustment.

- Standard rotor made of G-metal and
Aluminum bronze to relegate wear and
damage to the softer port cylinder.

- American-made stock parts available
for immediate shipment.



COVER

5.1 DISASSEMBLY OF PUMP

The pump may be disassembled while
bolted to the baseplate by removing suction
and seal water piping and working from
cover to motor. Most repair work will not
require full disassembly, but please refer to
the exploded pump diagram in following
these steps:

~(a) Shut off all valves controlling flow of
fluids to and from the pump casing. Discon-
nect external piping.

{(b) Remove bolts connecting cover to
casing. The cover and port cylinder
assembiy will slide straight outward. The
port cylinder is dismounted from cover by
removing three socket head cap screws.

(c) Remove hex head lock screw and
washer from motor shaft. Use a bearing
puller to remove. rotor without damage to
casing. Be sure to protect the threaded
shaft bore.

(d) Slide shims, mechanical seal, sleeve.
bushing and O-Ring off shaft.

ROTOR

/DISCHARGE

=1

1/ seaL

. —
INL i = | . - SHAFT
LBl ]
SEAL V2
WATER — I B
INLET ; v
T oyl by
) 3 ) - AT
PORT CYLINDER ’ L]
CASING

MECHANICAL

(e) Unbolt casing from motor face.

(f) Save any and all shims from shaft and
casing assembilies for proper realignment.

5.2 ASSEMBLY OF PUMP

Before commencing assembly of the pump,
carefully inspect all parts for signs of
unusual wear, abrasion and corrosion. O-
Rings should be checked for cracks or brit-
tleness and the carbon face of the
mechanical seal examined for scratches.

Replace all parts as needed and proceed as
follows:

STEP ONE: Casing, Sleeve and Seal
Assembly

The mechanical seal is composed of a seat
(#8a), seal (#8b), and spring (#8¢). The seat
is a ceramic ring with a rubber boot that is
pressed firmly into the rear of casing.
Lubricant is recommended for ease in in-
serting rubber boot in the seal housing bore.
BE VERY CAREFUL NOT TO SCRATCH
THE CERAMIC FACE DURING HANDL-
ING AND INSERTION.,.

Once the seal seat is in place, mount casing
(#1) on the motor face using the original
shims for alignment. The larger pump cas-
ings are mounted on four studs extending
from motor face, while the smalier casings
(Models A10, 15, 20) are secured by four hex
head bolts. .

Next slip the small O-Ring (#11) over shaft
till it touches the shaft shoulder and place
the sleeve/bushing (#9) on top so that its
chamfered end presses against O-Ring.

To complete the assembly, lubricate the
sleeve so that the rest of the mechanical

seal (#8b) can be pressed on with the carbon

face in flat sliding contact with the ceramic
seat. Again, AVOID SCRATCHING OR
TOUCHING THE CARBON FACE. Proper
tension between the seal faces is provided
by the spring — leading to Step 2.



STEP TWO: Rotor Assembly
and Alignment

Therotoris secured to the shaft by means of
a key (#15), a hex head fock screw (#13),
and a brass washer (#14). in order for the
rotor to turn freely, there must be some
clearance between it and the casing. On
models A10, A15, and A20, this clearance is
established by adding shims (#10) until no
rub is felt between the back of the rotor and
the casing face. On the larger pumps, shims
are used to position the rotor so that the cas-
ing face lines up with the inside wall of the
rotor shroud. (See photograph below)

Be sure to use a bearing puiler whenremov-
ing rotor to add more shims. Avoid damage
to the casing face and to the threaded shaft
bore. Once secured, the rotor shoulid spin
freely without any interference or rub from
the casing.

To insure proper alignment, you may in-
dicate the run-out on the front edge of the
rotor. If the rotor appears to be cocked
more than 2 or 3 thousandths when tighten-
ed down, find the high spot and if it is not
drastically out, a light rap with a mallet will
bring the rotor into correct alignment.
Tightening down the rotor is facilitated by
using a long bolt and seveéral washers
before inserting the actual lock bolt.

STEP THREE: Port Cylinder
Assembly and Cover

The port cylinder (#3) is readily mounted on
the cover (#4) by three socket head cap
screws with nylon plugs (#6). A fiber gasket
(#5) is used to seal the surface between
cover and port cylinder while the alignment
of tapped holes insures correct placement,

The final assembly is to insert O-Ring (#12)
into the cover groove and then to slide the
port cylinder/cover assembly into the rotor
bore. The surface where cover and casing
meet will be sealed by the O-Ring.

In securing the cover to the casing, the
cover bolts (#19) must be drawn up
uniformly. During tightening, the rotor
should be turned by hand to insure easy
rotation when the pump is fully assembled.
Loosen the bolts and then tighten again if a
hard rub is experienced. (Note that Models
A75 and A100 have two socket head bolts
which shoulid be used in the bottom cowver
holes.)

After the drain plugs (4§17, #18) have been
installed with tefion tape on the threading,
the vacuum pump is ready for service.




Save Water, Time and Money

with FLUID-VAC Sealant Recovery Systems
. _______________________________________ ]

CHECK

FLOW CONTROL

In applications where water is costly,
scarce or unavailable, Fluid-Vac Sealant
Recovery Systems provide simple, compact
and environmentally safe options for recir-
culating seal water and storing waste.

THE BASICSYSTEM

The standard configuration for recir-
culating seal water is to pipe the pump
discharge into a small separator tank
where non-condensed gas is vented into the
atmosphere and the water returned to the
pump iniet. By having a tee connection in
the inlet piping for the return (rather than
through the separate seal water inlet), the
pump will draw its own water requirement
controlled by a flow restrictor in the return
line. "

The basic system offered by Atlantic
Fluidics is a completely self-contained
pumping system that fits almost anywhere
for intermittent or low vacuum use. The
package includes a close-coupled pump,
baseplate, stainless steel separator tank
with complete seal water and discharge pip-
ing.
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HEAT EXCHANGERS

For continuous high vacuum use, a heat ex-
changer is recommended to counter the
temperature rise from the heat of compres-
sion. Higher seal water temperatures will
increase the partial gas pressure inside the
pump and limit high vacuum performance.
Used in conjunction with water chillers,
refrigeration units, fan coils or cooling
towers, a properly sized heat exchanger
will maintain seal water temperatures for
maximum performance.

Depending on the heat to be removed and
cooling system available on location, Atlan-
tic Fluidics will specify or furnish a heat ex-
changer to best suit your application. For
space-saving and cleaning convenience,
Fluid Vac Recirculation packages can be
designed with a stainless steel heat ex-
changer built into the separator tank. In
situations where sea water is available for
cooling, a separate copper/nickel heat ex-
changer would be recommended for handil-
ing the corrosive salt water. '

OTHER ALTERNATIVES

Among the other options for reusing liquid
sealant are partial recirculation systems
and specially packaged units using sealants
other than water (i.e. oil, perchlorethylenre,
etc.). In a partial recirculation toop, a cer-
tain amount of make-up water is fed info the
pump to minimize temperature rise yet
allow for substantial water savings.

For sealants other than water, be sure to
consult Attantic Fluidics for assistance with
both the pump and recirculation sizing.

As one of two American companies
specializing in liquid ring pump applica-
tions, Atlantic Fluidics invites you to in-
quire about specific, practical and inexpen-
sive methods for cutting operating costs
and for saving that precious natural
resource - water.

1
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Parts List for Models A5 through A200

Ref.No. Part

1 Casing i2 O-Ring, Cover
2 Rotor 13 ~Lock Bolt
3 Port Cylinder 14 Washer
4 Cover 15 Key
5 Gasket (Port Cylinder) 16 Slinger
6 Cap Screws (Poit Cylinder)(3) 17 Drain Plug, Cover
7 Motor 18 Drain Plug, Casing
8 Mechanical Seal Assembly 19 Cover Bolts
a) Seat b) Seal c) Spring (4) A10-20 (6) A75-200
9 Shaft Sleeve 20 Casing Bolts (4)
10 Shims (Set) 20a Casing Nuts
11 O-Ring, Shaft (4) A75-A200 only

Parts Recommended to Keep on Hand

#3 Port Gylinder Contact:

#5 Gasket (Port Cylinder) PARTS DEPARTMENT
#8 Mechanical Seal Assembly Atlantic Fluidics, Inc.
#10 Shims (Set) 21 South Street
#11 O-Ring, Shatft South Norwalk, CT 06854
#12 O-Ring, Cover (203) 853-7315
- #13 Lock Bolt Fax (203) 866-8218
Parts can be ordered directly from our We will be happy to assist you
Norwalk factory for immediate shipment. with any questions which might
All parts are MADE IN AMERICA. arise and for advice on your
application.
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New Information

Summary of Changes

Summary of Changes .

The information below summarizes the changes to this manual since the last

printing as 1747-800 in January 1990.

The table below lists sections that document new features and additional
information about existing features, and shows where to find this new

information.

For This New Information

See Chapter/Appendix
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Who Should Use this Manual

Preface

Preface

Read this preface first. It provides an overview of the entire manual and will
acquaint you with the information that is provided throughout these pages.
In this preface, you will leam about:

¢ who should use this manual

¢ how to use this manual

¢ related publications

¢ conventions used in this manual
¢ Allen-Bradley support

The tasks and procedures in this manual require you to have some knowledge
of programmable controller installation and electrical wiring. We also
assume that you have a “working” knowledge of SLC™ products. If you do
not have this knowledge base, obtain the proper training before attempting
any of the tasks and/or procedures detailed in this manual.



~Preface

How to Use this Manual

As much as possible, we organized this manual to explain, in a task—by—task
manner, how to install and operate (preliminary start-up operations) the SL.C
500 fixed programmable controller. This manual also provides some system

design information.

Before using this manual, read over the table below and familiarize yourself
with the general content of the chapters and appendixes. If you already have
a topic in mind that you want to find specific information about, tumn to the

index at the back of the manual.

If You Want

See

An overview of the manual -

The Preface

Information on how to select certain components
for your SLC 500 controf system

Chapter 1 — Selecling Your Hardware Components

A guide on how to prepare for the installation of
your control system

Chapter 2 — System Installation Recommendations

Mounling dimensions of your fixed controfier,
DTAM ™, and/or 1747-AIC

Chapter 3 — Mounting Your SLC 500 Control System

Procedures on how o install your hardware
components

Chapter 4 — Installing Your Hardware Components

Information on how o wire the components of
your SLC 500 control system

Chapter § — Wiring Your Control System

A guide on how to start up your conlrol system

Chapler 6 — Starting Up Your Control System

Information on how to maintain your control
system

Chapter 7 — Maintaining Your Control System

To identify eor messages generated by your
control system

Chapter 8 — Troubleshooting

To replace parts of your SLC 500 control system
or purchase other SLC components

Chapter 9 — Replacement Parts

information on setting up the DH—485 network

Appendix A — Setting Up the DH—485 Network

Information on the 1771-Remote VO network

Appendix B — The 1771-Remote IO Network

Information on configuring the RS-232 network

Appendix C — RS-232 Communication Interface

Information on how to calculate the heat
dissipation of your controfler

Appendix D — Calculating Heat Dissipation for the
SLC 500 Control System

Wiring and circuit diagrams and vollage ranges

Appendix E — Wiring and Circuit Diagrams and
Voltage Ranges for Your Fixed Controlier

Definitions of terms used in this manual

The Glossary




Related Publications

" Preface

The table below provides a listing of publications that contain important

information about Allen-Bradley Small Logic Controllers and their
installation and application. You may want to reference them while you are
installing the SLC 500 controller. (To obtain a copy of one of these
publications, contact your local Allen—Bradley office or distributor.)

" Document

For Read this Document Number

An overview of the SLC 500 family of products SLC 500 System Overview 1747-2.30

A description on how 1o install and use your Modular SLC 500 Installation & Operation Manual for Modular Hardware 1747-NI002

programmable controlier Style Programmable Controllers

A procedural manual for technical personnel who use APS to develop Allen—Bradley Advanced Programming Software (APS) 1747-NM002

controf applications User Manual

A reference manual that contains staltus file data, instruction set, and Allen—-Bradley Advanced Programming Software (APS) 1747-NR0O1

troubleshooting information about APS Relerence Manual

An introduction 1o APS for first—time users, containing basic concepls but .

focusing on simple tasks and exercises, and allowing the reader to begin | Getting Started Guide for APS 1747-NM001

programming in the shortest time possible

A procedural and reference manual for technical personnel who use the )

APS import/export utility to convert APS files to ASCII and conversely APS Import/Export User Manual 1747-NM006

ASClito APS files

A procedural and reference manual for technical personnel who use an .

HHT to develop control applications Allen—Bradley Hand-Held Terminal User Manual 1747-NP002

An introduction to HHT for first-time users, containing basic concepts but

focusing on simple tasks and exercises, and allowing the reader to begin | Getting Started Guide for HHT . 1747-NM009

programming in the shortest time possible

In—depth information on grounding and wiring Allen-Bradley Allen—Bradley Programmable Controller Grounding and 1770-4.1

programmable controllers Witing Guidefines )

- . PLC-5 Family Programmable Controllers Hardware

A description on how to install a PLC-5® system instaliation Manual 1785-656.1

A description of important differences between solid-state programmable : T .

controler products and hard-wired slectromechanical devices Application Considerations for Solid-State Controls SGH1.1
Published by the
National Fire

An article on wire sizes and types for grounding electrical equipment National Electrical Code Protection

. Association of

Boston, MA.

A complete Eisting of current Automation Group documentation, including

ordering instructions. Also indicates whether the documents are Allen—Bradley Publication Index SD499

available on CD-ROM or in multidanguages. -

A glossary of industrial automation terms and abbreviations Allen—Bradley Industrial Automation Glossary AG-7.1




“Preface

Conventions Used in this
Manual

Allen-Bradley Support

P-4

The following conventions are used throughout this manual:

* Bulleted lists such as this one provide information, not procedural steps.

e Numbered lists provide sequential steps or hierarchical information.

* [rwalic type is used for emphasis.

¢ Dimensions are in millimeters. (Dimensions in parentheses are in
inches.)

e Textin this font indicates words or phrases you should type.

Allen—Bradley offers support services worldwide, with over 75 Sales/Support
offices, 512 authorized Distributors and 260 authorized Systems Integrators
located throughout the United States alone, plus Allen—Bradley
representatives in every major country in the world.

Local Product Support

Contact your local Allen—-Bradley representative for:
¢ sales and order support

e product technical training

* warranty support

' support service agreements

Technical Product Assistance

If you need to contact Allen—Bradley for technical assistance, please review
the information in the Troubleshooting chapter first. Then call your local
Allen-Bradley representative. '

Your Questions or Comments on this Manual

If you have any suggestions for how this manual could be made more useful
to you, please send us your ideas on the enclosed reply card.

If you find a problem with this manual, please notify us of it on the enclosed
Publication Problem Report.



What Your SLC 500 Controller
Can Do for You

Chapter 1 B

Selecting Your Hardware Components

This chapter provides general information on what your SLC 500 controller
can do for you and an overview of the fixed control system. It also explains
how to select:

¢ 2-slot chassis

¢ discrete I/O modules

¢ specialty I/O modules
¢ enclosures

e operator interfaces

e memory modules

e jisolation transformers
® suppressors

* output contact protection

There is also a section on special considerations for controller installations.

This chapter does not provide you with all the information that you need to
select a complete SLC 500 control system. To do this, we recommend that
you use the latest version of the system overview, SLC 500 Family of Smal’

Programmable Controllers, Publication Number 1747-2.30.

The SLC 500 programmable controller has features that previously could
only be found in large programmable controllers. It has the flexibility and
power of a large controller with the size and simplicity of a small controller.
The SLC 500 controller offers you more control options than any other
programmable controller in its class. -

These programmable controllers make up a technologically advanced control
system having inherent flexibility and advantages characteristic of other
programmable controllers, but with one important difference — simplicity!

1-1



Chapter 1

Selecting Your Hardware Components

Overview of Your Fixed The basic fixed controller consists of a processor with 1,024 (1K) instruction
Control System capacity, a power supply, and a fixed number of I/O contained in a single
package. The figure below shows typical hardware components for a fixed

controller.

Fixed Hardware Components

Oy [

B E e
g
5]
of - o Input Module  Output Module
Fixed Hardware Controfler
[O\
I
[ J [ ]
N
1ol
Operator Interface 2-Slot Expansion Chassis

for VO Modules

Fixed Controller with 2-slot Expansion Chassis

B\ [O\ _[O\
—————% [g |8




Fixed Controller

Specifications

Chapter1

 Selecting Your Hardware Components

This section provides the specifications for the SLC 500 Fixed Controller.

Description Specification
Memory Type Capacitor-backed RAM memory. Battery back~up optional,
Memory Backup Options EEPROM or UVPROM
Program Memory 1K Instruction Capacity
Capacitor Memory Back-up Time Refer to curve on page 1-4.
Battery Life Syears
Typical Scan Time® 8 milliseconds/ 1K
Bit Execution (XIC) 4 microseconds
fgr::npm? Hold-up Time after 20 milliseconds to 700 milliseconds (dependent on loading)
Power Supply Opeting Votage | DG el 276 76.4VDG @4VDG £ 10%
Power Supply Fuse Prolection 38 z‘r“ﬁ 50\;2';00 VAC }%iA
Power Supply Inrush Rating 30 Amperes maximum
Maximum Power Requirement 50 VA®
24 VOC User Power Output Curent® | 200mA
24 VDC User Power Output Voltage® | 20.4 - 27.6 VDC (24 VDC + 15 %)
Wire Size © | #14 AWG Max.

O Electrica-Optical Isolation

1500 VAC at 1 minute

1747-AIC Link Coupler
Electrical-Optical Isolation

1500 VOC

LED Indicators

POWER, PC RUN, CPU FAULT, FORCED I/0, and
BATTERY LOW

Noise immunity

NEMA Standard ICS 2-230

Operating: 0°C to +60°C (+32°F to +140°F)

Ambient Temperature Rating Storage: ~40°C 1o +85°C (—40°F to +185°F)
Humidity 5 to 95% without condensation

Displacement: .015 inch, peak-{o-peak @ 5-57 Hz
Vibration Acceleration: 2.5 Gs @ 57-2000 Hz

Duration: 1 hr per axis (x, ¥, Z)
Certfication glégs;;?)/rove )

© The scan times are typical for a 1K ladder logic program consisting of simple ladder logic and communication
servicing. Actual scan times depend on your program size, instructions used, and the DH—485

communication.

@ This specification does not includa input and output values. (See page 1-6.)
2 This applies only to fixed controflers that have AC lina power and DC input circuits.



Chapter 1

Selecting Your Hardware Componen'ts

Memory Backup for the SLC 500 Fixed Controller

The curve below illustrates the ability of the memory back—up capacitor to
maintain the contents of the RAM in a fixed controller. To back up the
memory for a longer period of time, a lithium battery, Catalog Number
1747-BA, is required.

30
254
Capacitor Memory Back—up Time
20 VS
Temperature
Time
(Days) 4|
10
5 T L] L T L] T
25 30 35 40 45 50 55 60
) " (869) (959 (104%)° may (1220) (1319) (140°)

Temperature °C (°F)
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Selecting Your Hardware Companents

Configuration Options

The following table provides configuration options for 20, 30, or 40 [JO

points.
Catalog . /O Configuration High-Speed
Number Line Power inpt Gutpat Counter User Power
1747-L20A (12) 120 Volts AC (8) ACIDC Relay | No NA
1747-L30A (18) 120 Volts AC (12) AC/OC Relay | No NA
1747-L40A (24) 120 Vots AC (16) AC/DC Relay | No NA
1747-1208 (12) 120 Voks AC (8) AC Triac No NA
1747-L308 (18) 120 Volts AC (12) AC Triac No NA
1747-L408 (24) 120 Volts AC (16) AC Triac No NA
1747-L20C (12) 24 Volts DC Sink | (8) AC/DC Relay | Yes 24V-200mA
1747-L30C (18) 24 Volts DC Sink | (12) AC/DC Relay { Yes 24V-200mA
1747-1.40C (24) 24 Volts DC Sink | (16) AC/DC Relay { Yes 24V-200mA
1747200 {12) 24 Volts DC Sink | (8) AC Triac Yes 24V-200mA
1747-L30D (18) 24 Volts DC Sink | (12) AC Triac Yes 24V-200mA
1 oV i
1747208 | '2P4OVAC L 100 24 olts DG Sink ) 0C Transistor | v 24V-200m?
1747-L40F (24) 24 Volts DG Sink | {8 DOTransisor | 24V-200mA
1747-L20L {12) 24 Volts DC (8) 0C Transistor Yes 24V-200mA
Source Sink
1747-L30L {18) 24 Volts DC (12) OC Transistor Yes 24V-200mA
Source Sink
1747-L40L (24) 24 Volts DC (16) OC Transistor | v o 24V-200mA
Source Sink
1747-120R {12) 240 Volts AC {8) ACDC Relay | No NA
1747420P (12) 240 Volts AC (8) AC Triac No NA
1747-L30P (18) 240 Volts AC {12) AC Triac No NA
1747-L40P (24) 240 Volts AC {16) AC Triac No NA
1747-L20F {12) 24 Volts DC Sink | (8) AC/DC Relay | Yes NA
1747-L40F (24) 24 Volts DC Sink | (16) AC/DC Relay | Yes NA
24 VDCt ;
1747420G | 0% (12) 24 Vots DC sink | &) DO Transistor 1}y NA
urce
1747-L20N (12) 24 Volts DC (8)DC Transistor Yos NA
Source Sink

1-5



Chapter 1

Selecting Your Hardware Components

Input Specifications

The following table details the input specifications for SLC 500 Fixed I/O

units. See the glossary for a definition of specifications.

Inputs Specifications
On-State Voltage 85-132 VAC
Frequency 47-63 Hz
Oft-State Voltage 30 VAC (maximum)
120 VAC Inrush Current 0.8A peak
Nominal input Current 12mA at 120 VAC
Tum—On Time 35 milliseconds (maximum)
Tum-Off Time 45 milliseconds (maximum})
Maximum Off-State Current 2mA
On-State Voltage 170-265 VAC
Frequency 47-63 Hz
Oti-State Voltage 50 VAC (maximum)
240 VAC Inrush Current 1.6A peak
Nominal Input Current 12mA at 240 VAC
Tum-On Time - 35 miilliseconds (maximum)
Tum-Off Time 45 milliseconds (maximum)
Maximum Off~State Current 2mA
On-State Voltage 10-30 VOC
Off-State Voltage g zgg m"l“:(g'eg input 0 (HSC)
DC Sink & Source | Nominal Input Current g.tﬂ':ta‘ ZEAVY)%C(a(IIIOLtir?gg i(r)u:l‘x‘ll:))

Tum-On Time 8 milliseconds (maximum)
Tum=Off Time 8 milliseconds (maximum)
Maximum O#-State Current 1mA

1-6
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Selecting Your Hardware Components

Output Specifications

The following table details the output specifications for SLC 500 Fixed I/O

Units.
Outputs Specifications

Output Voltage 85-265 VAC
Continuous Current (per output) 8:;5'6‘;""‘::‘3:?2;% (maximum)
Minimum Load Current 10mA

Triac Tum-On Time 0.1 milliseconds (maximum)
Tum-Off Time 10 milliseconds (maximum)
Maximum Off-State Leakage Current 2mA
Maximum On-State Voltage Drop 1.5V @ 0.5 Amps
Maximum Surge Current 10 Amps for 25 milliseconds®
Output Voltage 10-50 VOC
Conliquous Current (per output) ggfm:! a: 320090 (maximum)
Minimum Load Current imA

Transistor Sink & | Tum—On Time 0.1 milisecond (maximum)

Souree Tum-Off Time E 1 miliisecond (maximum)
Maximum Off-State Leakage Current 1mA
Maximum On-State Voltage Drop 1.5V @ 0.5 Amps
Maximum Surge Curment 3.0 Amps for 25 miliseconds®
Output Voltage Range §-265 VAC, 5-125 VDC
Continuous Current (per output) 2.5 Amps (maximum)
Continuous Curent {per group)® 8 Amps {maximum)

Relay® Maximum Load (per chassis) 1440 VA
Tum~On Time 10 milliseconds (maximum)
Tum-Off Time 10 milliseconds (maximum)
Maximum Of{-State Leakage Current OmA
Minimum Load Current at 5 VDC 10mA

o Repeatability is once every 1 second at +30°C. Repeatability is once every 2 seconds at +60°C.
® Refer 1o the wiring diagrams for output groupings on the fixed IfO chassis.
@ Surge suppression across the output davice is recommended lo protact relay conlacts.
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Selecting Your Hardware Components

Selecting the 2-Slot Chassis

Selecting Discrete I/0
Modules

Selecting Speciality I/0
Modules

1-8

Relay Contact Ratings
Maximum Amperes Amperes Voltamperes
Volts Make Break Continuous Make Break
240 VAC 7.5A 0.75A
120 VAC 15A 1.5A 2.5A 1800 VA 180 VA
125 VDC 0.22A 1.0A 28 VA
24 VDC 12A 2.0A 28 VA

To calculate make and break ratings for other load voltages, divide the
voltampere rating by the load voltage; for example:

28 VA/48 VDC =0.583 A

For the 20, 30, and 40 I/O fixed controllers, an optional 2—slot expansion
chassis lets you add two additional I/O modules providing even more
versatility. The power supply provides backplane power for the modules in
the optional expansion chassis.

Refer to chapter 3 for chassis dimensions and chapter 4 for mounting
directions.

There are three types of I/O modules: input, output, and combination I/O.
They are available in a wide variety of densities including 4, 8, 16, and 32
point and can interface to AC, DC, and TTL voltage levels. Output modules
are available with solid—state AC, solid—state DC, and relay contact type
outputs.

For a complete, up-to—date listing of discrete I/O modules and their
specifications, contact your Allen-Bradley sales office for the latest product
data entitled Discrete Input and Output Modules, Publication Number
1746-2.35.

Refer to chapter 4 for installation directions.

The SLC 500 family offers specialty I/O modules that enhance your control
system. These modules range in function from analog interface to motion
control, from communication to high-speed counting.

For a complete, up-to—date listing of specialty I/O modules and their
specifications, contact your Allen—Bradley sales office for the latest System
Overview entitled SLC 500 Family of Small Programmable Controllers,
Publication Number 1747-2.30, or for a related product data.

Refer to chapter 4 for installation directions.
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The enclosure protects the equipment from atmospheric contamination.
Standards established by the National Electrical Manufacturer’s Association
(NEMA) define enclosure types, based on the degree of protection an
enclosure will provide. Use a fan to circulate the air of sealed enclosures that
use convection cooling to dissipate heat. Select a NEMA-rated enclosure
that suits your application and environment. The enclosure should be
equipped with a disconnect device. To calculate the heat dissipation of your
controller, see appendix D.

Use an operatot interface to program and/or monitor your SLC 500
controller. -You can choose from several Allen—Bradley operator interface
devices.

Programming with a Hand-Held Terminal (1747-PT1)

Use the Hand-Held Terminal (HHT) to configure the SLL.C 500 controller,
enter/modify a user program, download/upload programs, monitor control
operation, and test/troubleshoot. When equipped with a battery (1747-BA),
the HHT retains a user program in memory for storage and later use.

. The display area accommodates 8 lines x 40 characters. You can display fi.

rungs of a user program. The top row of keys are the menu function keys.

Important: Using the HHT, you can program the SLC 5/01 ™ and 5/02™
processors and the SLC 500 fixed controllers. You cannot,
however, program the SLC 5/03 processor.

Refer to the Hand-Held Terminal User Manual, Catalog Number
1747-NP002, for information on programming your fixed controller with the
HHT. '

Programming with Advanced Programming Software (APS) on an IBM
Compatible Computer

The Advanced Programming Software (APS) can be used with an

Allen-Bradley T45, T47, or TS50 terminal, an IBM®-AT or XT, a Compag®

Portable, Portable II, Deskpro ™ 286, 386/SX, 386, a Tandy ™ 3000HL,

Toshiba™ 3100E, or GATEWAY 2000 ™ models 386DX/25, 386DX/33,

486DX/33, and 486DX2/50 personal computer. Your computer must have:

¢ 640 Kbytes of RAM (extended or expanded memory is recommended, but
not required)

¢ 10 Mbyte fixed-disk drive (APS requires a minimum or 2.5 MBytes of .
free disk space.)

e DOS version 3.1 or higher
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Advanced Programming Software, 1747-PA2E

APS, Catalog Number 1747-PA2E, comes on 5-1/4 and 3-1/2 inch disks.
You must have DOS installed in your computer. You also must have at least
550 Kbytes of free memory to execute the APS software. Like the
Hand-Held Terminal, APS lets you configure the SLC 500 controller,
enter/modify a user program, restore/save programs to the SLC 500, monitor
controller operation, and test/troubleshoot. You can also:
¢ create and print ladder diagrams, data tables, instruction cross references,
and configurations
¢ use cut/copy/paste editor
¢ store multiple programs in the memory of the computer (on the hard disk)
Refer to the Advanced Programming Software User Manual, Catalog
Number 1747-NM002, and the Advanced Programming Software Reference
Manual, Catalog Number 1747-NROO1, for information on programming
your fixed controller with APS.

DH-485 Interface Converter (1747-PIC)

For communication, use an RS—232/DH—485 Interface Converter between
the computer and SLC controller. The converter includes a 279.4 mm (11.0
in.) ribbon cable, already attached to the converter, for connection to the
computer serial port and a Catalog Number 1746—C10 cable for connection
to the controller.

Monitoring with a Data Table Access Module (1747-DTAM-E)

The Data Table Access Module (DTAM) is a plant floor device that lets you
access data file information, change operating modes, monitor and clear
processor faults, and transfer the user program between RAM and an
EEPROM memory module with any SLC 500 family processor. You cannos
use it to create new programs.

Important features of DTAM include:
¢ shorthand addressing, which provides easier access to data files

e display prompts in six, user—selectable languages: English, French,
German, Italian, Spanish, and Japanese

e UL listed, CSA Certified

* NEMA type 12 and 13 enclosures

¢ point—to—point interface to an SLC family processor, or as a network
device on a DH-485 network

Refer to the Data Table Access Module (DTAM ) User Manual, Catalog

Number 1747-ND013, for information on monitoring your fixed controller

with the DTAM.
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These optional memory modules provide a non—volatile memory back-up in
a convenient modular form. The modules plug into a socket on the
controller.

You can store (save) your program in the EEPROM by inserting it into the
processor and using either the Hand—Held Terminal or Advanced
Programming Software.

Use of the UVPROM provides you with an extra degree of program security
because the user program cannot be altered while it is installed in the
controller. You can program the UVYPROM with commercially available
UVPROM programming and erasing equipment. You can use an EEPROM
module as a master, or you‘can use an archived processor file as the source
by using the APS PROM translator utility.

Adapter sockets are required when inserting memory modules into
commercially available PROM programmer. The memory module fits into
the adapter socket and then into a PROM programmer.

ATTENTION: Make sure the adapter is inserted pmpcfly or
damage could result.

. The following table lists the types of memory modules that are available fo.

the fixed controller. Also listed are the manufacturer part number for
determining compatibility with an external PROM bumer.

Description Cataiog Number | Manufacturer | Manufacturer’'s Part Number

NEC uPD28C64 - 250
OKI MSM28C64ARS ~ 20

1K User Words EEPROM | 1747-M1
XICOR X28C64BP - 25
SEEQ PE28C64 ~ 250

X28C25601 ~ 25

XICOR

4K User Words EEPROM | 1747-M2 X28256Di ~ 25
SEEQ DE28C256 - 25

1K User Words UVPROM 1747-M3 Fujitsu MBM27C64 - 25

4K User Words UVPROM | 1747-M4 Not compatible with the fixed controller.

Adaptor Socket 1747-M5 NA NA
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Selecting Isolation
Transformers

If there is high frequency conducted noise in or around your distribution
equipment, we recommend that you use an isolation transformer in the AC
line to the power supply. This type of transformer provides isolation from
your power distribution system and is often used as a “step down”
transformer to reduce line voltage. Any transformer used with the controller
must have a sufficient power rating for its load. This power rating is
generally expressed in voltamperes (VA).

To select an appropriate isolation transformer, you must calculate the power
required by the fixed [//O chassis and any input circuits and output loads that
are connected through this transformer. The power requirement of any fixed
I/O unit is 50 VA.

The power requirement for the input circuits is determined by the number of
inputs, the operating voltage, and the nominal input current. The power
requirement for output loads is determined by the number of outputs, the
load voltage, and load current.

For example, if you have a 1747-L30B fixed unit with 18 AC inputs (12mA
at 120 VAC) and 12 triac outputs (0.5A at 120 VAC), the power consumed
would be:

50 + (18)(120)(0.012) + (12)(120){0.5) = 796 VA

Important: In this case, 0.5 Amp is the maximum rating of the triac output
(at+30° C). If your load draws less than 0.5 Amp, this figure
may be reduced accordingly. The output portion of the VA
calculation should reflect the current requirements of your
loads.

In general, we recommend that the transformer is oversized to provide some
margin for line voltage variations and other factors. Typically a transformer
that is 25% larger than the calculated VA is sufficient.
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The recommendations given previously provide favorable operating
conditions for most controller installations. Your application may involve
one or more of the following adverse conditions. Additional measures can
be taken to minimize the effect of these conditions.

Excessive Line Voltage Variations

The best solution for excessive line voltage variation is to correct any feeder
problems in your distribution system. Where this does not solve the line
variation problem, or in certain critical applications, use a constant voitage
transformer. If you require a constant voltage transformer, connect it to the
power supply and all input devices connected to the SLC 500 controller.

Connect output devices on the same power line, but their connection along
the power line is normally made before the constant voltage transformer. A
constant voltage transformer must have a sufficient power rating for its load.

Excessive Noise

When you operate the SLC 500 controller in a “noise polluted” industrial
environment, special consideration should be given to possible electrical

. ' interference. -

The following reduces the effect of electrical interference:
e SLC 500 controller design features

e proper mounting of controller within an enclosure

e proper equipment grounding

¢ proper routing of wiring

e proper suppression added to noise generating devices

Potential noise generators include inductive loads, such as relays, solenoids,
and motor starters when operated by “hard contacts” like push buttons or
selector switches. Suppression may be necessary when such loads are
connected as output devices or when connected to the same supply line that
powers the controller.

Lack of surge suppression on inductive loads may attribute to processor
faults and sporadic operation, RAM memory can be corrupted (lost) and I/0
modules may appear to be faulty or reset themselves.

For extremely noisy environments, use a memory module and program it for
auto loading on processor fault or power cycle for quick recovery.



Chapter 1

Selecting Your Hardware Components

Selecting Surge Suppressors

Most output modules have built—in surge suppression to reduce the effects of
high voltage transients. However, we recommend that you use an additional

suppression device if an output module is being used to control an inductive

device such as:

e relays ¢ motor starters

e solenoids * motors

Additional suppression is especially important if your inductive device is in
series with or parallel to a hard contact such as:

* pushbuttons ¢ selector switches

By adding a suppression device directly across the coil of an inductive
device, you will reduce the effects of voltage transients caused by
interrupting the current to that inductive device and prolong the life of the
switch contacts. The diagram below shows an output module with a
suppression device.

+DCorlt

VACNDC _‘I

ACor DC OUT3
QOutput Module

COM . DC COM orL2

If you connect an SLC 500 controller triac output to control an inductive
load, we recommend that you use varistors to suppress noise. Choose a
varistor that is appropriate for the application. The surge suppression we
recommend for triac outputs when switching 120 VAC inductive loads is
Harris MOV, part number V220 MA2A. For a 509 motor starter, use a
599-K04 or 599-KA04 series C or later MOV with triac outputs.

Consult the varistor manufacturer’s data sheet when selecting a varistor for
your application.

ATTENTION: Damage could occur to SLC 500 triac outputs if
you use suppressors having RC networks. Allen-Bradley AC
surge suppressors not recommended for use with triacs include
Catalog Numbers 199-FSMA1, 199-FSMA2, 1401-N10, and
700-N24.
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Allen-Bradley surge suppressors recommended for use with Allen-Bradley
relays, contactors, and starters are shown in the table below.

. . Suppressor Catalog

Device Coil Voltage Number
Bulletin 509 Motor Starter 120 VAC 599-K04P
Bulletin 509 Motor Starter 240 VAC 599-KA04®
Butletin 100 Contactor 120 VAC 199-FSMA1®
Bulletin 100 Contactor 240 VAC 199-F5MA2?
Bulletin 709 Motor Starter 120 VAC 1401-N10®
Bulletin 700 Type R, RM Relays AC coail None Required
Bulletin 700 Type R Relay 12VDC 700-N22
Bulletin 700 Type RM Relay 12VDC 700-N28
Bulletin 700 Type R Relay 24 VDC 700-N10
Bulletin 700 Type RM Relay 24 VDC 700-N13
Bulletin 700 Type R Relay 48V0C 700-N16
Bulletin 700 Type RM Relay 48 VDC 700-N17
Bulletin 700 Type R Relay 115-125 VDG 700-N11
Bulletin 700 Type RM Relay 115-125 VDC T00-N14
Bulietin 700 Type R Relay 230-250 VDC T00-N12
Bulletin 700 Type RM Relay 230-250 VDOC 700-N15
Bulletin 700
Type N, P, or PK Relay
Miscellaneous 150V max, ACor DC | 700-N24®
electromagnetic devices limited to 35
sealed VA

D This is an MOV without a capacitor. The 599-K04 or 59-KAO4 MOV must ba series C or later when used
with tniac outputs. Do not use series A or B with triac oulputs.

@ Not recommended for use with triac outputs.



Chapter 1

Selecting Your Hardware Components

+(

Output Device Output Device Output Device

Selecting Contact Protection

Inductive load devices such as motor starters and solenoids may require the
use of some type of surge suppression to protect the controller output
contacts. Switching inductive loads without surge suppression can
significantly reduce lifetime of relay contacts. The figure beiow shows the
use of surge suppression devices.

Surge Suppression for Inductive AC Load Devices

Surge
Suppressor

Varistor RC Network

Surge Suppression for Inductive DC Load Devices

- ( ) +
— y—

Output Device

4

Diode (A surge suppressor can also be used.)
Contad! Protection Methods for Inductive AC and DC Output Devices

These surge suppression circuits connect directly across the load device.
This reduces arcing of the output contacts. Suitable surge suppression
methods for inductive AC load devices include a varistor, an RC network, or
an Allen—-Bradley surge suppressor. These components must be
appropriately rated to suppress the switching transient characteristic of the
particular inductive device. '

For inductive DC load devices, a diode is suitable. A 1N4004 diode is
acceptable for most applications. A surge suppressor can also be used. See
table on page 1-15.

We recommend that you locate the suppression device as close as possible to
the load device.
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Transistor Output Transient Pulses

This section applies to the following SLC 500 Fixed /O processors and
SLC 500 I/O modules that have transistor outputs.

Fixed 1/O Processors YO Modules

1747 20E 1746-0B8

1747-20G 1746-0V8

1747-20L 1746-0B16

1747 20N 1746-08P16

1747300 1746-0V16

1747-L40E 1746-0832

1747-L40L 1746-0V32

For the SLC 500 products listed above, the maximum duration of the
transient pulse occurs when minimum load is connected to the output.
However, for most applications the energy of the transient pulse is not
sufficient to energize the load. ' ‘

ATTENTION: A transient pulse occurs in transistor outputs
when the external DC supply voltage is applied to the common
output terminals (e.g., via the master control relay). The sudde
application of voltage creates this transient pulse. (See the
following graph.) This condition is inherent in transistor outputs
and is common to solid state devices. A transient pulse can occur
regardless of the processor having power or not.

(On-State Load Current) L

Current
Transient (I)

Duration of Transient (T)
Time
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To reduce the possibility of inadvertent operation of devices connected to

transistor outputs, adhere to the following guidelines:

¢ Either ensure that any programmable device connected to the transistor
output is programmed to ignore all output signals until after the transient
pulse has ended,

¢ or add an extenal resistor in parallel to the load to increase the on—state
load current. The duration of the transient pulse is reduced when the
on-state load current is increased.

The duration of the transient pulse is proportional to the load impedance.
This is illustrated in the following graph.

10

M N > W

Time

Duration of Transient (ms)

N W o~

[y

1 100 200 300 400 500 600 700 800 900 1000
On-State Load Curent (mA)
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Example

Increasing the load current by 100mA decreases the transient time from
approximately 7 ms to less than 2.5 ms. To calculate the size of the resistor
added in parallel to increase the current, use the following information:

24V = your applied voltage
Need 100mA of load current to reduce the lransient to < 2.5 ms. (taken from graph on
previous page)
.V (Volis)
t (Amps)
Resistor value (Ohms) = Applied voltage (Volts) / Desired current (Amps)
=24/0.1
= 240 (Ohms)
P (Watts) = I2 (Amps) x R (Ohms)
Actual Power (Watls) = (Desired Curvent)? x Resistor Value

= (0.1)2x 240
= 2.4 (Watts)

Resistor size = 2 x Actual power (Watls)
=2x24
= 4.8 (Watts)

Round resistor size to 5 Watts.

R (Chms)

* "You need a resistor rated for 240 Ohms at 5 Watts to increase the load current
by 100mA; thus decreasing the transient time from approximately 7 ms to
less than 2.5 ms.
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@ NEMA rated enclosure suitable for your application and @ Disconnect

environment that shields your controller from electrical noise

and airborne contaminants.

@ Disconnect, to remove power from the system

@ Fused isolation transformer or a constant voltage transformer, as

your application requires
@ Master control relay/emergency stop circuit
(®) Terminal blocks or wiring ducts

@ Suppression devices for limiling EMI (electromagnetic

interference) generation

Chapter

System Installation Recommendations

To help you install the SLC 500 programmable controlier as safely and
securely as possible, we have set up a few specific recommendations for you
to follow.

For general installaton guidelines, also refer to article 70E of the National
Fire Protection Association (NFPA). Article 70E describes electrical safety
requirements for employee workplaces. This chapter covers the following;:

¢ typical installation

¢ spacing your controllers
* preventing excessive heat
¢ grounding guidelines

* master control relay

¢ power considerations

¢ safety considerations

¢ preventative maintenance

The figure below consists of some components that make up a typical
installation. The following symbols are used:

Device

|

|
| |
| |
| MCR :
I
| ® ,
| @ Isolation ||
: Transformer |
| {
[ [
| |
| SLC 500 |
| Controller |
i - ]
| |
] {
i |
G o o J
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Spacing Your Components Follow the recommended minimum spacing shown below to allow for
convection cooling within the enclosure. Air in the enclosure must be kept

within a range of 0° to +60° C (+32° to +140° F).

Important: Be careful of metal chips when drilling mounting holes for the
controllers. Do not drill holes above a mounted SLC 500
controller. Metal chips or clippings may short circuit electronic
components of the controller and cause intermittent or
permanent malfunction.

-

Greater than 152.4 mm (6 inches)

[\ [

=
Greater than 101.6 mnT E ‘LGreater than 101.6 mm
(4 inches) D {4 inches)
o &
/ ofF U

Enclosure

Greater than 152.4 mm (6 inches)

Preventing Excessive Heat For most applications, normal convection cooling will keep the controller
’ components within the specified operating range. Proper spacing of
components within the enclosure is usually sufficient for heat dissipation.

In some applications, a substantial amount of heat is produced by other
equipment inside or outside the enclosure. In this case, place blower fans
inside the enclosure to assist in air circulation and to reduce *“hot spots’ near
the controller.

Additional cooling provisions might be necessary when high ambient
temperatures are encountered.

Important: Do not bring in unfiltered outside air. It may introduce harmful
contaminants of dirt that could cause improper operation or
damage to components. In extreme cases, you may need to use
air conditioning to protect against heat build—up within the
enclosure.
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Grounding Guidelines In solid-state control systems, grounding helps limit the effects of noise due
to electromagnetic interference (EMI). The grounding path for the controller
and its enclosure is provided by the equipment grounding conductor.

Normal Electrical Noise Conditions Severe Electrical Noise Conditions

#10 AWG to .
Size 12 Internal
Ground Bus \ Star Washer
Chassis Ground Chassis Mounting Tah
Mounting Tab Lug
\
Size 12 Intemal Size 12 Intemal
StarWasher Star Washer
Size t0o0r12 ___ Size 100612
Hardware Screw \ Hardware Screw >—<\\
[~~~ Tapped Hole
~ {Minimum of Three
Tapped Hole  Threads)
N
(Minimum of Three \
Threads) Metal Panel
Scrape paint off panel lo insure Metal Panel Scrape paint off panel o insure (Must be connected to earth
electrical connection between chassis  (Must be connected to  electrical connection batween chassis 9ound)

and grounded metal panel. earth ground.) and grounded metal panel.

ATTENTION: The SLC 500 controller, other control devices,
and the enclosure must be properly grounded. All applicable
codes and ordinances must be observed when wiring the
controller system.

Ground connections should run from the chassis and power supply on each
controller and expansion unit to the ground bus. Exact connections will
differ between applications. An authoritative source on grounding
requirements for most installations is the National Electrical Code. Also,
refer to Allen-Bradley Programmable Controller Grounding and Wiring
Guidelines, Publication Number 1770-4.1.

In addition to the grounding required for the controller and its enclosure, you
must also provide proper grounding for all controlled devices in your
application. Care must be taken to provide each device with an acceptable
grounding path.
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The figure below shows you how to run ground connections from the chassis
to the ground bus.

SLC 500 Controller Only

B
E

ooo0

00000 | 0000

#8 AWG
Wire

gage
0000

o #10 AWG Wire Ground Bus
o o

Chassis Mounting Tabs —

L
Earth
Ground
SLC 500 Controller with 2-slot Expansion Chassis
/ 4] \ / 0 \ [0\
o ' [\
-k
pevnp #3 AWG
238 [ Wire

@ Q_)g\’\ Ground Bus
10 AWG Wire o o-

Chassis Mounting Tabs puas—

Earlh
Ground

24



Master Control Relay
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A hard-wired master control relay (MCR) provides a convenient means for
emergency controtler shutdown. Since the master controf relay allows the
placement of several emergency-stop switches in different locations, its
instalfation is important from a safety standpoint. Overtravel limit switches
or mushroom head push buttons are wired in series so that when any of them
opens, the master control relay is de—energized. This removes power to input
and output device circuits. Refer to the figure on page 2-6.

ATTENTION: Never alter these circuits to defeat their function,
since serious injury and/or machine damage could result.

Important: If you are using a DC output power supply, interrupt the output
side rather than the AC line to avoid the additional delay of
power supply turn—on and tum—off. The power supply should
receive its power directly from the fused secondary of the
transformer. Connect the power to the DC input and output
circuits through a set of master control relay contacts.

Place the main power disconnect switch where operators and maintenance
personnel have quick and easy access to it. If you mount a disconnect switch
inside the controller enclosure, place the switch operating handle on the
outside of the enclosure, so that you can disconnect power without opening
the enclosure.

Whenever any of the emergency—stop switches are opened, power to input
and output devices is stopped.

When you use the master control relay to remove power from the external
I/O circuits, power continues to be provided to the controlier’s power supply
so that diagnostic indicators on the processor can still be observed.

The master control relay is not a substitute for a disconnect to the controller.
It is intended for any situation where the operator must quickly de—energize
I/O devices only. When inspecting or installing terminal connections,
replacing output fuses, or working on equipment within the enclosure, use
the disconnect to shut off power to the rest of the system.

Important: The operator must not control the master control relay with the
SLC 500 controller. Provide the operator with the safety of a
direct connection between an emergency—stop switch and the
master control relay.
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Emergency-Stop Switches

Adhere to the following points conceming emergency—stop switches:

¢ Do not program emergency-stop switches in the controller program. Any
emergency—stop switch should tum off all machine power by tuming off
the master control relay.

¢ Observe all applicable local codes conceming the placement and labeling
of emergency-stop switches.

¢ Install emergency-stop switches and the master control relay in your
system. Make certain that relay contacts have a sufficient rating for your
application. Emergency-stop switches must be easy to reach.

The figure below shows the Master Control Relay Wired in Grounded

System.
Lt L2
230 VAC .l v
Disconnect
Fuse MCR
|1
l']__—[ll I 230 VAC
o 10 Circuits
Isolation ' ap;er;u.oc; o?e-iﬂ)—e(.of.lh-es-e ::o;\t;ct.s ;ciﬂ-r;m.ov-e A o
Transformer ! power from the controller external O circuits, !
+ Stopping machine motion. . '
Xffe 115 VAC = X2 ' ' Master Contro! Relay (MCR)
: & S : Cat. No. 700-PK400A1
mergency-Stop
' ! Suppressor
< Push Button Overtravel
Sl S UmitSwich 1 spp Star Cat.No. 700-N24
——d ¢ N I
: O | o O~<JT- . _Q_I__Q-—o——o O—1 @
/1
" Suppr.
MCR
i
1 i 3 115 VAC
100 Circuits
DC Power Supply.
Use N.E.C. Class 2
for UL Listing. MCR
- +
(Lo) (Hi) T—I |'———1r24 voC
| 110 Circuits
Incoming Line Terminals. Connect lo

115 VAC terminals of Power Supply. Incoming line terminals. Connect to

24 VDC terminals of Power Supply.
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The following explains power considerations for the SLC 500 fixed
controller.

Common Power Source

We strongly recommend that the chassis power supply has the same power
source as the input and output devices. This helps:

¢ reduce the chance of electrical interference due to multiple sources and
grounds

¢ maintain system integrity if power is interrupted

Loss of Power Source

The chassis power supply is designed to withstand brief power losses without
affecting the operation of the system. The time the system is operational
during power loss is called “program scan hold-up time after loss of power.”
The duration of the power supply hold—up time depends on the number, type
and state of the I/O, but is typically between 20 ms and 700 ms. When the
duration of power loss reaches a limit, the power supply signals the processor
that it can no longer provide adequate DC power to the system. This is

. referred to as a power supply shutdown. The POWER LED is turned off.

Input States on Power Down

The power supply hold-up time as described above is generally longer than
the tum—on and tum-—off times of the input circuits. Because of this, the
input state change from “On" to “Off” that occurs when power is removed
may be recorded by the processor before the power supply shuts down the
system. Understanding this concept is important. The user program should
be written to take this effect into account. For example, hard wire power to
one spare input. In the user program, check to be sure that one input is on;
otherwise, jump to the end of the program and avoid scanning the logic. Use
of a common power source as recommended in the previous section is
assumed.

Other Types of Line Conditions

Occasionally the power source to the system can be temporarily interrupted.
It is also possible that the voltage level drops substantially below the normal
line voltage range for a period of time. Both of these conditions are

" considered to be a loss of power for the system.
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Safety Considerations

2-8

Safety considerations are an important element of proper system installation.
Actively thinking about the safety of yourself and others, as well as the
condition of your equipment, is of primary importance. Several safety areas
are discussed below.

Disconnecting Main Power

The main power disconnect switch should be located where operators and
maintenance personnel have quick and easy access to it. Ideally, the
disconnect switch is mounted on the outside of the enclosure, so that it can
be accessed without opening the enclosure. In addition to disconnecting
electrical power, all other sources of power (pneumatic and hydraulic) shouid
be de—energized before working on a machine or process controlled by an
SLC controller.

Wiring Safety Circuits

Circuits installed on the machine for safety reasons, like overtravel limit
switches, stop push buttons, and interlocks, should always be hard—wired
directly to the master control relay. These devices must be wired in series so
that when any one device opens, the master control relay is de—energized
thereby removing power to the machine. Never alter these circuits to defeat
their function. Serious injury or machine damage could result.

Distributing Power

There are some points about power distribution that you should be aware of.
First, the master control relay must be able to inhibit all machine motion by
removing power to the machine I/O devices when the relay is de—energized.

Second, if you are using a DC power supply, interrupt the load side rather
than the AC line power. This avoids the additional delay of power supply
tum-on and tum—off. The DC power supply should be powered directly
from the fused secondary of the transformer. Power to the DC input and
output circuits is connected through a set of master control relay contacts.

Testing the Master Control Relay Circuit

Any part can fail, including the switches in a master control relay circuit.
The failure of one of these switches would most likely cause an open circuit,
which would be a safe power—off failure. However, if one of these switches
shorts out, it no longer provides any safety protection. These switches
should be tested periodically to assure they will stop machine motion when
needed.



Preventive Maintenance

Chapter 2

System Installation Recommendations

The printed circuit boards of the controller must be protected from dirt, oil,
moisture, and other airbome contaminants. To protect these boards, the
controller must be installed in an enclosure suitable for the environment.
The interior of the enclosure should be kept clean and the enclosure door
should be kept closed whenever possible.

Regularly inspect your terminal connections for tightness. Loose
connections may cause improper functioning of the controller or damage the
components of the system.

ATTENTION: To ensure personal safety and to guard against
damaging equipment, inspect connections with incoming power
off.

The National Fire Protection Association (NFPA) provides recommendations
for electrical equipment maintenance. Refer to article 70B of the NFPA for
general requirements regarding safety related work practices.



Mounting Fixed Hardware
Style Units

Mounting Your SLC 500 Control System

This chapter provides you with mounting dimensions for the following SLC
500 components:

e 20 /O fixed controller

¢ 30 & 40 I/O fixed controller

¢ 2-slot expansion chassis

¢ link coupler (AIC)

¢ Data Table Access Module (DTAM)

You can mount the fixed hardware style units directly to the back panel of
your enclosure using the mounting tabs and #10 and #12 screws. The torque
requirement is 3.4 N—m (30 in—lbs) maximum. Dimensions are in_
millimeters. (Dimensions in parentheses are in inches.)
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20 /O Fixed Controller®

55Da.

11 Dia, w05 o7 I
©433) (419
2
/ 079
oQa
[=1=]

T T
oa
oo
a
G .
a
a
158 140 o
62 (551 ]
oo
oo
oo
X .
_ 0]
T ﬂ i 059
10 105 L)
55 ™ iy 1 @13 \\_ssm
0217 165 217
650
Front View

679
125
y e
R 4

_r le s
| (571

Left Side View

® Dimensions ara in millimeters. (Dimensions in parentheses ara in inches.)

3-2



Chapter 3

Mounting Your SLC 500 Contro! System

30 and 40 1/0 Fixed Controller®
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2-Slot Expansion Chassis®
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Mounting the 2-Slot

Expansion Chassis

Chapter 4 '

Installing Your Hardware Components

This chapter shows you how to install and remove the following hardware
components:

e 2-slot expansion chassis

¢ /O and speciality modules
¢ memory module

* high—speed counter

The expansion chassis mounts on the right side of the fixed controller. The
chassis has mounting tabs that are inserted into slots in the fixed controller
and slid forward. No tools are required.

1. Insert the mounting tabs of the cxgnsnon chassis into the mounting slots
of the controller. .

T\

Mounting

{lod |

Right Side of the
Fixed Controfler
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2. Slide the expansion chassis forward until the back of the expansion
chassis is flush with the fixed controller and the connector on the
expansion circuit board is mated with the connector in the controller.

2as0s //mz //

\J

/ IM//

19528

Installing 1/O and Speciality With the 2—slot expansion chassis on the fixed style unit, additional I/O and
Modules specialty modules can be supported. =~

ATTENTION: Never install, remove, or wire modules with
power applied to the chassis.

1. Align circuit board of the module with card guide in chassis.

Retainer Clip
Side View
N <
Retainer Clip —
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2. Gently slide the module in until both top and bottom retainer clips are
secured.

N\

k 19530

3. To remove the module, press the retaihing clips at the top and bottom of
the module and slide the module out.
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Installing Your Memory Module Always tum off power to the controller before inserting or removing the
memory module. This guards against possible damage to the module and
also undesired processor faults. Memory modules are mounted in carriers
and have connectors that are “keyed” to guard against improper installation.

ATTENTION: To avoid potential damage to the memory
modules, handle them by the ends of the carrier or edges of the
plastic housing. Skin oil and dirt can corrode metallic surfaces,
inhibiting electrical contact. Also, do not expose memory
modules to surfaces or areas that may hold an electrostatic
charge. Electrostatic charges can alter or destroy memory.

1. Always tum off power to the controller before inserting or removing the
memory module. This guards against possible damage to the module and
also undesired processor faults.

2. Remove the processor compartment cover.

3. Locate the socket on the PC board.

o [\ [

4. Position the module correctly over the socket and press it firmly in place.
(The memory module is keyed.)

INTTANIY
1747-M1, M2, -M3

oo

5. Replace the cover on the SLC controller and restore power.



Using the High—Speed Counter
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Removing Your Memory Module
To remove a memory module use the following procedure:

1. Remove the power from the fixed I/O unit.
2. Remove the processor compartment cover.

3. Grasp the carrier tabs with the thumb and index fingers, then gently but
firmly lift upwards on either end of the memory module carrier.

4. When the end is partially raised, begin lifting the other end in the same
manner. Repeat this-until the memory module has been completely
removed from the socket.

5. Replace processor cover.

The fixed I/O units that have 24 VDC input circuits are also equipped with a
high~speed counter. The counter is capable of counting at a rate of up to 8 kHz.

You have the option of using input O as a normal input or as a high—speed
counter. To accommodate this dual function the input is equipped with a
jumper selectable filter. You must cut the jumper for high—speed counter
use. A shielded cable is recommended to reduce noise to the input.

» High-Speed Counter Operation

For high-speed counter operation do the following:
1. Tum off power to the fixed controller.

2. Remove the SLC 500 cover.

3. Locate and cut jumper wire J2. The jumper is either beneath or to the
right of the battery connector, as shown below. Do not remove
completely but make certain that the ends of the cut jumper wire aré not
touching each other.

[\ [\ The High-Speed Counter jumper is located sither / \ ﬂ
beneath the battery connector OR to the right of the battery connector.

4. Replace the cover.
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High-Speed Counter Input Compatibility

The high—speed counter input circuit has the following characteristics:

nominal input impedance of = 1200 Q2
on-state voltage of 10-30 VDC
nominal input current draw of 20mA
minimum pulse width of 62.5 psec.

Your input device or encoder must be single—ended and be compatible with
the specifications of the high-speed counter input. See the table below for
more information.

For an Input Device or Encoder thatis | Use an HSC input Circuit that s

Sourcing Sinking

Open Collector/ Sinking Sourcing

Open Collector with Pull-up Resistor Sinking

Wiring Diagram of a High-Speed Counter Sinking Input Circuit

DC_ [Nt |IN3 [iINS
COM
CHASSIS DC [INO N2 [INé
GHD COM |HSC
il N Shielded Twisted Pair
T —————— )
< R . 4 Belden or Equivalent

Y
Sourcing Input Device

10-30
™ voc [*
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Wiring Diagram of a High-Speed Counter Sourcing Input Circuit

VOC N1 |IN3 [NS
CRASSSS VOC N0 [N2 [IN4
o HSC

e TS A Shielded Twisted Pair
L g b Belden or Equivalent

Sinking {nput Device
-] 1030 "
vOC
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Defining Sinking and
Sourcing

.Chapter-

Wiring Your Control System

This chapter describes how to wire your I/O modules. It covers the
following:

¢ defining sinking and sourcing

e determining approximate transient duration

¢ preparing your wiring layout

o features of an I/O module

e recommendations for wiring I/O devices

¢ wiring your I/O modules

¢ using Removable Terminal Blocks (RTBs)

Sinking and sourcing are terms used to describe a current signal flow

relationship between field input and output devices in a control system and

their power supply. ' '

* Field devices connected to the positive side (+V) of the field power
supply are sourcing field devices.

* Field devices connected to the negative side (DC Common) of the field
power supply are called sinking field devices.

To maintain electrical compatibility between field devices and the

programmable controller system, this definition is extended to the
input/output circuits on the discrete I/O modules.

¢ Sourcing I/O circuits supply (source) current to sinking field devices.
¢ Sinking I/O circuits receive (sink) current from sourcing field devices.

5-1
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5-2

Contact Output Circuits — AC or DC

Relays can be used for either AC or DC output circuits and accommodate
either sinking or sourcing field devices. These capabilities are a result of the
output switch being a mechanical contact closure, not sensitive to current
flow direction and capable of accommodating a broad range of voltages.

This high degree of application flexibility makes contact output modules
very popular and useful in control environments with a broad mix of
electrical I/O circuit requirements.

Solid-State DC I/O Circuits

The design of DC field devices typically requires that they be used in a
specific sinking or sourcing circuit depending on the intemnal circuitry of the
device.

Sourcing Device with Sinking Input Module Circuit

The field device is on the positive side of the power supply between the
supply and the input terminal. When the field device is activated, it sources

current to the input circuit.

: [ —»
FIELD DEVICE
input
+
DC
DC POWER INPUT
SUPPLY CIRCUIT
DC Com
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Sinking Device with Sourcing Input Module Circuit

The field device is on the negative side of the power supply between the
supply and the input terminal. When the field device is activated, it sinks
current from the input circuit.

-— |
FIELD DEVICE Inpat
r — C
DC POWER INPUT
SuPPLY CIRCUIT
+
vDC

Sinking Device with Sourcing Output Module Circuit

The field device is on the negative side of the power supply between the
supply and the output terminal. When the output is activated, it sources
current to the field device.

VOC
o
¥ FIELD DEVICE -
DC POWER Out oG
SUPPLY OUTPUT
_ CIRCUIT
DC Com

Sourcing Device with Sinking Output Module Circuit

The field device is on the positive side of the power supply between the
supply and the output terminal. When the output is activated, it sinks current
from the field device.

vDC
[ I
+ —
FIELD DEVICE Out

DC POWER
SUPPLY oC

- ouTPUT

CIRCUIT
DC Com




Chapter5 -

Wiring Your Control System

Preparing Your Wiring Layout  Carefui wire routing within the enclosure helps to cut down electrical noise
between I/O lines. Follow these rules for routing your wires:

* Route incoming power to the controller by a separate path from wiring to
I/O devices. Where paths must cross, their intersection should be
perpendicular.

Important: Do not run signal or communications wiring and power
wiring in the same conduit.

* [f wiring ducts are used, allow for at least two inches between I/O wiring
ducts and the contrc ller. If the terminal strips are used for I/O wiring,
allow for at least two inches between the terminal strips and the
controller.

e Segregate I/O wiring by signal type. Bundle wiring with similar electrical
characteristics together,

Wires with different signal characteristics should be routed into the enclosure
by separate paths.

ATTENTION: If the controller is being installed within a
potentially hazardous environment (that is, Class I, Division 2),
all wiring must comply with the requirements stated in the
National Electrical Code 5014 (b).

54
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Features of an I/O Module Below is an example of a combination /O module.
/ 10 Status Indicators
Color Band
Terminal Block Release Screw
Input and Output Terminals
Connedled to Terminal Block
N ouTo
Hinged Wiring Terminal Door
ouT 2 with Label
L
Terminal Block (May Be Color— -
coded and Removahle on Some ouT4 A

NOT
USED

INO

IN2
IN4
NOT
Terminal Block Release Screw USED
N
AC COM

Tie Wire

I \—

Wires Leading to Output
and Input Devices
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Recommendations for Wiring
I/0 Devices

5-6

The following are general recommendations for wiring [/O devices.

ATTENTION: Before you install and wire I/O devices,
disconnect power from the controller and any other source to the
I/O devices.

Use acceptable wire gauge — The 1/O wiring terminals are designed to
accept #14 or smaller AWG stranded wires, and two wires per terminal
(maximum). Maximum torque 0.9 N-m (8 in-1b).

Label wires — Label wiring to I/O devices, power sources, and ground. Use
tape, shrink—tubing, or other dependable means for labeling purposes. In
addition to labeling, use colored insulation to identify wiring based on signal
characteristics. For example, you may use blue for DC I/O wiring and red
for AC 1I/O wiring.

Bundle wires — Bundle wiring for each similar I/O device together. If you
use ducts, allow at least S cm (2 in.) between the ducts and the controller SO
there is sufficient room to wire the devices.

Identify terminals — Terminal cover plates have a write—on area for each
terminal. Use this area to identify your I/O devices. Label the Removable
Terminal Block (RTB) with appropriate slot, rack (chassis) and module
identification if you have not already Refer to page 5-8 for more
information.

ATTENTION: Calculate the maximum possible current in each
power and common wire. Observe all local electrical codes
dictating the maximum current allowable for each wire size.
Current above the maximum ratings may cause wiring to
overheat, which can cause damage.

Capacitors on input modules have a stored charge that can cause
a non—lethal shock. Avoid mounting the controller in a position
where installation or service personnel would be in danger from
startle reaction.




Wiring Your /O Modules
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Terminals on the modules have self-lifting pressure plates that accept two
#14 AWG wires. Series B 12—point and 16—point and analog modules are
equipped with removeable terminal blocks (RTBs) for ease of wiring. For
more information on using RTBs, see the next section.

LED indicators on the front of each module display the status of each I/O
point. The LED indicators tum on when the proper signal to an input
terminal is applied or when the processor commands an output to be
energized.

To locate the I/O module wiring diagrams, contact your Allen—Bradley sales
office for the latest product data entitled Discrete Input and Qutput Modules,
Publication Number 1746-2.35. Or, locate the installation instruction sheet
that was sent with your I/O module; it also includes I/O wiring diagrams.

1. Install a wire tie to secure your wiring and keep it neat. (If you feed the
tie into one hole, it will be routed back out through the other.)

OUTPUT INPUT

] 8Kt
ne e

Tie Wire ~

" Wires Leading to Output
and Input Davices

2. Cover any unused slots with card slot fillers, Catalog Number 1746-N2,
to keep the chassis free from debris and dust.
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Using Removable Terminal
Blocks (RTBs)

Removable Terminal Blocks (RTBs) are provided on all 12—point and
16-point discrete I/O modules and analog modules. RTBs can only be used
with these modules in the 2-slot expansion chassis. RTBs allow for faster
and more convenient wiring of the I/O modules. The modules and RTBs are
color—coded as follows:

Color Type of VO Removable Terminal Block
Red AC inputs/outputs
Blue 0C inputs/outputs
Orange relay outputs
Green specialty modules

Replacement terminal blocks are available if they are lost or damaged. See
the replacement part list in chapter 9. '

Removing RTBs

Below are guidelines for removing the I/O RTBs.

ATTENTION: Never install or remove I/O modules or terminal
blocks while the SLC is powered.

1. If the I/O module is already installed in the chassis, remove power to the
SLC.

2. Unscrew the upper right and lower left terminal block release screws.
3. Grasp the RTB with your thumb and forefinger and pull straight out.

4. Label the RTB with appropriate slot, rack (chassis) and module
identification.

Termina! Block Release Screw
Terminal Block Release Screw —__ -—

Dot indicates terminal number 0 [j SLOT_____RACK____
————|| ® MODULE

{or top of 110 wiring).
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Installing RTBs
Below are guidelines for installing the I/O RTBs.

1. Label the RTB properly.

2. Match the label identification to the correct chassis, slot, and module

type.

ATTENTION: Inserting a wired RTB on an incorrect module
can damage the I/O module circuitry when power is applied.

3. Be sure the color band on the I/O module matches the color of the RTB.

ATTENTION: Never install or remove I/O modules or RTBs
while the SLC 500 chassis is powered.

4. Remove power from the SLC 500 chassis.

5. Line up terminal block release screws.

6. Press the RTB firmly onto connector contacts.
" 7. Tighten the RTB release screws.



Procedures for Starting Up
the Control System

Starting Up Your Control System

This chapter describes how to start up your control system. To accomplish
this, you must go through eight procedures.

Start-up involves the following procedures to be carried out in sequence:

Inspect your instaliation.
Disconnect motion—causing devices.
. Initialize and test your processor.
Test your inputs.

Test your outputs.

Enter and test your program.

Observe control motion.

©® N A s W o -

Conduct a dry run of your application.

These procedures isolate problems such as wiring mistakes, equipment

.. malfunction, and programming errors in a systematic, controlled manner.

We urge you to go through these procedures very carefully. This will help
you avoid possible personal injury and equipment damage.

Important: Do not attempt system start—up until you are thoroughly
familiar with the controller components and
programming/editing techniques. You must also be thoroughly
familiar with the particular application.

For general recommendation concemning installation safety requirements and
safety requirements and safety related work practices, refer to NFPA 70E,
Electrical Safety Requirements for Employee Workplaces.
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1. Inspect Your Installation

2. Disconnect Motion~causing

6-2

Devices

You can often prevent serious problems in later test procedures by first
making a thorough physical inspection. We recommend that you do the
following:

1. Make sure that the controller and all other devices in the system are
securely mounted. Refer to chapter 3 and chapter 4 for more information.

2. Check all wiring including:
¢ connections from the main disconnect to the controller input
¢ the master control relay/emergency—stop circuit
¢ input device circuits
e output device circuits

Make certain that all wiring connections are correct and that there are no
missing wires. Check the tightness of all terminals to make certain wires
are secure. Refer to chapter 5 for more information.

3. Measure the incoming line voltage. Be certain that it corresponds to
controller requirements and that it falls within the specified voltage range.
See specifications for input voltage ranges in chapter 1.

In the following test procedures, the controller will be energized. As a safety
precaution, you must make certain that machine motion will not occur. The
preferred way is to disconnect the motor wires at the motor starter or the
motor itself. In this way, you can test the operation of the starter coil,
verifying that your output circuit is wired correctly and functioning.
Similarly, the preferred way to disconnect a solenoid is to disengage the
valve, leaving the coil connected.

In some instances, you may not be able to disconnect a device the preferred
way. In this case, it will be necessary to open the output circuit at some
convenient point.

For circuit testing purposes, it is best to open the circuit at a point as close as
possible to the motion—causing device. For example, your output might be a
relay coil that in turn energizes a motor starter; if it is impractical to
disconnect the motor wires, the next best thing to do is to open the circuit at a
point between the motor starter and the relay contact.

ATTENTION: Machine motion during system checkout can be
hazardous to personnel. During the checkout procedures 3, 4, 5,
and 6, you must disconnect all devices that, when energized,
might cause machine motion.
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3. Initialize and Test Your When you are certain that machine motion cannot occur with the controller
Processor energized, you may begin by initializing the processor using the following
steps: '

1. Energize the controller. If power is supplied to the controiler and the
installation is correct, then:

A. The POWER LED tums on as shown in the figure below.

a0 “ /1 W power
g8 (. -7 3 pcauN
=1 O crutauT
‘g ! 3 forceD W0

) saATTERY LOW

]

O

U

[ Indicates the LED is OFF.
B Indicates the LED is ON.

The CPU FAULT LED also tums on during power—up, but it should
go off after a few seconds. If instead this LED starts flashing, it
indicates you must clear the processor memory before continuing.

B. The following processor initial factory conditions apply:

¢ Mode = PROGRAM MODE
(S:1/0-S:1/4=00001)

¢ Watchdog values = 100ms
(S:3H = 0000 1010)

¢ [/O Slot enables = ALL ENABLED
(S:11/1 through S:12/14 set to 1)

e Node address = 1
(S:15L = 0000 0001)

¢ Baud Rate = 19.2K baud
(S:15H = 0000 0100)

e Processor Name = DEFAULT
2. Power up the programming device.

Refer to the Hand-Held Terminal User Manual, Catalog Number
1747-NP002, for information on programming your fixed controller with
the HHT.

Refer to the Advanced Programming Software User Manual, Catalog
Number 1747-NMO002 Series C, and the Advanced Programming
Software Reference Manual, Catalog Number 1747-NR0O1, for
information on programming your fixed controller with APS.

3. Configure the controller.
4. Name the processor file.
5. Program a sample test rung not affecting machine operation.

6. Save the program and the controller configuration.
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4. Test Your Inputs

64

. Transfer the controller configuration and the sample test program to the

processor. After the new program is transferred to the processor, the
processor fault status should clear. (The CPU FAULT LED stops if it was
flashing.)

Enter the Run mode.

The processor PC RUN LED should tum on indicating the controller is in
the RUN mode with no processor faults. If any other processor status
exists, refer to chapter 8.

Monitor the sample test rung,

If the sample test rung operates successfully without processor faults, you
have verified that basic processor functions are properly functioning. If
any other processor status exists, refer to chapter 8.

After successful processor initialization and test, you may begin testing
inputs following these steps:

1.

Assuming you are still online with the programming device, put the
controlier into the Continuous Test mode. This allows the processor to
scan the I/O and program, but not tum on any physical outputs.

Monitor the data in data File 1, the input data file. All configured inputs

_should be displayed.

. Make sure the first input slot, slot 0, is shown on the monitor.

Select the first input device connected to Input O of the fixed I/O chassis.

Manually close and open the addressed input device.

ATTENTION: Never reach into a machine to actuate a device,
unexpected machine operation could occur.
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6. Observe the associated bit status using the programming device monitor
function. Also, observe the input status LED on the fixed [/O chassis.

A. When the input device is closed verify that the voltage at the input
terminal is within the specified on—state range, the input status LED is
on, and the associated status bit is set to a one.

If any of these conditions are not satisfied, follow the recommended
troubleshooting steps listed below.

B. When the input device is opened verify that the voltage at the input
terminal is within the specified off-state range, the input status LED is
off, and the associated status bit is reszt to 0.

If any of these conditions are not satisfied, follow the recommended
troubleshooting steps listed below.

7. Select the next input device and repeat steps 5 and 6 until all inputs on the
fixed I/O chassis and in the 2—slot expansion rack (if used) have been
tested.

Input Troubleshooting Steps

1. Make sure the processor is in the Continuous Test mode.

2. Verify that your inputs and outputs are enabled. Status file bit S:11/0
represents the inputs and outputs of the fixed controller. Status file bits
S:11/1 and S:11/2 represent the inputs and outputs (slot 1 and siot 2
respectively) of the 2—slot expansion chassis. These bits must be set to
one, enabling all your inputs and outputs.

3. Check your wiring and verify that all connections are tight.

A. Make sure that power connections have been made to your input
device if needed.

B. Verify that the signal connection has been made from the input device
to the correct input circuit of the fixed controller.

C. Check that all common connections have been made.
4. Check your specifications.

A. Make sure that the power is within the specified voltage range if your
input device requires power.

B. Verify that your power supply is not overloaded. An overloaded
supply can deliver the correct voltage when some of its loads are not
energized but the voltage may fall out of range when ali of its loads
are energized.

C. Verify that your input device signal contact is specified to deliver
sufficient current to the input circuit and any other loads connected to
it.

D. Make certain that your input device does not have a minimum load
specification that is greater than the input circuit current specification.

E. Verify that the input device is on and off longer than the specified
turn—on and turm—off times for the input circuit.
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5. Disconnect your input devices from the fixed controller input terminals.
Make a direct connection from a power supply to the fixed controller
input and common terminals. The power supply voltage must be within
the specified on-state voltage range of the input circuit. If you can
energize and de—energize the input circuit by tumning the power supply on
and off, the basic operation of the input circuit is functioning correctly.
The problem is likely to be with the input device or wiring. If you cannot
operate the the input circuit by a direct connection, the input circuit is not
functioning and should be replaced.

6. Connect a different load to your input device. Open and close the input
device and measure the voltage at the load. If your input device cannot
operate other loads, the input device is not functioning properly and
should be replaced.

For more information on input troubleshooting, see page 8-8.

5. Test Your Outputs After you test all inputs, and have determined that they are functioning
properly, test the outputs following these steps. :

1. Refer to page 6-2 to insure that no motion will occur when any
controller output is energized.

2. Place the controller in the Program mode.

3. Create an output test rung as shown below for each output slot
configured. Enter your source and destination address:

[ MOV

l SOURCE B3: “X”

| DEST O: “Xe

Here “X" represents the slot number of the output currently selected.
This rung moves a word of data from the bit file to the output file. The
stot number is O for outputs of the fixed controller. If the 2—slot
expansion chassis is used, numbers one and two are used for the outputs
in slots 1 and 2 respectively.

Save the output test program and controller configuration.
Transfer the output test program to the processor.
Put the controller in the Run mode.

Monitor the data in bit file B3 on the programming device display.

® N noa

Enter B3: ~x~ at the address prompt to select the output slot to be
tested.

9. Move the cursor to the bit position that corresponds to the specific output
being tested. Set the bitto 1.
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10.Observe the output status LED and the output device.
The output status LED should turn on. The output device should be
energized unless you disconnected it to prevent machine motion. It may
be necessary to connect a dummy load to the output to complete this test.
If the LED does not turn on or if the load is not energized, follow the
output troubleshooting steps listed below.

11.Reset the bit value back to zero for the selected address. Both the output
status LED and the output device should de—energize. If the LED does
not turn off or if the load does not de—energize, follow the output
troubleshooting stens list2d below.

12.Repeat steps 9 through 11 for all outputs of the selected slot.

13.Repeat steps 8 through 12 for all slots (with outputs) that are a part of the
fixed controller configuration.

Output Troubleshooting Steps
1. Make sure the processor is in the Run mode.

2. Verify that the test rung recommended in the previous section has been
entered correctly.

3. Check the status file /O siot enable bits. Status file bit S:11/0 represents
the inputs and outputs of the fixed controller. Status file bits S:11/1 and
S:11/2 represent the inputs and outputs (slot 1 and slot 2 respectively) of
the 2—slot expansion chassis. These bits must be set to one, enabling all
your inputs and outputs.

4. Use a programming device to verify that the bit being tested in the output
file tracks the on/off status of the corresponding bit in the bit file.

If the output file does not track the bit file, but your program has been
entered correctly and the I/O are enabled, then your processor is not
functioning properly and shoulid be replaced.

If the output file tracks the bit file, then the processor is functioning
properly and the output command is being sent to either the I/O section of
the fixed controller, or to the output module in the 2—-slot expansion
chassis.

5. Check the electrical connections.

A. If the output being tested is in the 2—slot expansion chassis, verify that
the expansion chassis connector is properly mated to the expansion
connector of the fixed controller.

B. Tum off power to the I/O circuits. Verify that power and/or common
connections are made to the proper output circuit terminals.

C. Verify that the power connections are made to the output load device if
they are required.

D. Verify that the output terminal being tested is connected to the correct
termination point of the load device.

E. Check the tightness of all terminals to make certain that all wires are
secure.

6-7



"Chapter6 =~ "

Starting Up Your Control System

6. Check your specifications.

A. Verify that all power supplies used are within the specified operating
ranges of the I/O circuits and loads.

B. Check that the specified load current is greater than the minimum load
current specified for the output circuit. (Leakage current from the
output circuit may prevent you from turning off a low current load.)

C. Check that the specified load current is less than the maximum load
current of the output circuit.

D. Make sure that the sum of all the load currents is equal to or less than
the power supply capacity.

7. Restore power to the I/O circuits and test the output. If the preceding
measures have not corrected the problem, tum off the I/O power and
disconnect the load. Connect the load directly to the I/O power supply.
You should be able to operate the load by tuming the power supply on
and off.

If you can operate the load, and the load is within the specified operating
range of the output circuit, the output circuit is not functioning properly.
Replace the fixed controller or output module as necessary. ’

If you cannot operate the load by turning the power supply on and off, the
load is not operating properly and it should be replaced.

For more information on output troubleshooting, refer to page 8-10.

6. Enter and Test Your Program After you test all inputs and outputs and they are functioning properly, we
recommend the following steps to safely and successfully enter and test your
specific application program. (For extra assistance, see the Hand-Held
Terminal User Manual or the Advanced Programming Software User
Manual.)

1. Verify the offline program.

After the program has been entered in the offline edit file mode, program
verification may begin.

Remaining in the offline edit file mode you may use the cursor keys
and/or search function of your programming device to inspect every
instruction and rung for errors.

2. Check your written program, rung for rung, against the program entered
into the offline memory. The most common errors found in program
entry are: ‘
¢ incorrect addressing of instructions
e omission of an instruction
¢ more than one output instruction programmed using the same address

6-8
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3. Transfer the program into the processor.
A. Place your programming device online.
B. Place the processor in Program mode.

C. Select download function when using the Hand-Held Terminal or the
restore function when using Advanced Programming Software.

4. Verify the online program transfer.
A. Select monitor file function.

B. Cursor through the program to verify that you selected the right
program.

S. Conduct a single—scan program test.
A. Select the monitor file function and place the cursor on the first rung.
B. Select the Test mode.

C. Select Single-Scan (SSN) test. In this test mode, the processor
executes a single operating cycle, which includes reading the inputs,
executing the ladder program, and updating all data without energizing
the output circuits. However, the monitor file function will identify
the output status as if the outputs were enabled.

Timers are also incremented a minimum of 10 milliseconds each
single scan.

D. Simulate the input conditions necessary to execute the current
monitored rung of the program. If it is not practical to manually
activate the input device, use the force function to simulate the proper
condition.

ATTENTION: Never reach into a machine to actuate a device,
unexpected machine operation could occur.

E. Activate a single operating scan as outlined in the programming device
user manual.

F. Verify the intended effects on the output instructions for that rung and
overall program logic effects.

G. Select the next program rung and repeat test procedures as listed above
until the entire program has been tested.

6. Conduct a continuous scan program test.

Once the individual single scan rung tests have been completed and
proper program operation verified, a continuous scan test might be
appropriate before motion checkout.

This mode simulates the controller Run mode without energizing the
external outputs.

6-9
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7. Observe Control Motion

Now that program execution has been verified, checkout of control motion
can begin. All persons involved with the programming, installation, layout
design, machine or process design, and maintenance should be involved in
making decisions for determining the best and safest way to test the total
System.

The following procedures are general in nature. Individual conditions may
warrant their modification. The basic approach is to initiate testing with the
least amount of machine motion. Only some outputs are allowed to generate
machine motion. Then additional machine motion can be gradually added,
thereby allowing any problems to be detected more easily under controlled
conditions. The following procedure provides the steps for testing machine
motion using one output at a time.

ATTENTION: During all phases of checkout, station a person
ready to operate an emergency-stop switch if necessary. The
emergency-stop switch will de—energize the master control relay
and remove power from the machine. This circuit must be
hardwired only, it must not be programmed.

Use the following procedures:

1. Identify the first output device to be tested and reconnect its wiring.

ATTENTION: Contact with AC line potential may cause injury
to personnel. When reconnecting wiring, make sure that AC
power disconnect switch is opened.

2. Place the controller in the Run mode and observe the behavior of the
output device. To do this, simulate the input conditions necessary to
energize the output in the program. If it is not practical to manually
activate an input device, use the force function to simulate the proper
input condition.

ATTENTION: Never reach into a machine to actuate a device,
unexpected machine operation could occur.

3. Repeat steps | and 2, testing each output device, one at a time.
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ATTENTION: During all phases of the dry run test, station a
person ready to operate an emergency-stop switch if necessary.
The emergency-stop switch will de—energize the master control
relay and remove power from the machine. This circuit must be
hardwired only, it must not be programmed.

After thoroughly checking out the controller system and program, proceed
with a dry run of the application with all of the output devices enabled. This
dry run will vary with the application. For example, a machine tool dry run
might test the program with all outputs enabled but without tooling an actual

part.

After you check out the entire system, and your dry run has been completed
satisfactorily, we recommend that you load your program into an EEPROM
memory module for back—up program storage. See chapter 3 for more
information. Refer to the Hand-Held Terminal User Manual, Catalog
Number 1747-NP002, or the Advanced Programming Software User
Manual, Catalog Number 1747-NMOQ02, for directions on loading the
EEPROM from RAM. ' ’

This step completes the start—up procedures. Your SLC Programmable
Controller is now ready for operation.
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This chapter covers the following:

* handling, storing, and transporting battery, Catalog Number 1747-BA
¢ installing or replacing your SLC 500 battery

¢ replacing the power supply fuse

¢ replacing retainer clips on a module

Refer to chapter 2 for important information on testing the master control
relay circuit and preventive maintenance.

Handling,.Storing, and Follow the procedure below to ensure proper battery operation and reduce
Transporting Battery, Catalog  personnel hazards.
Number 1747-BA

Handling

¢ Use only for the intended operation.

¢ Do not ship or dispose of batteries except according to recommended
procedures.

@ Do not ship on passenger aircraft.

ATTENTION: Do not charge the batteries. An explosion could
result or they could overheat causing burns.

Do not open, puncture, crush, or otherwise mutilate the batteries.
A possibility of an explosion exists and/or toxic, corrosive, and
flammable liquids would be exposed.

Do not incinerate or expose the batteries to high temperatures.
Do not attempt to solder batteries. An explosion could result.

Do not short positive and negative terminals together. Excessive
heat could build up and cause severe bums.

Storing

Store the lithium batteries in a cool, dry environment, typically +20° C to

+25° C (+68° F to +77° F) and 40% to 60% relative humidity. Store the

batteries and a copy of the battery instruction sheet in the original container,
~away from flammable materials.
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Transporting

One or Two Batteries — Each battery contains 0.23 grams of lithium.
Therefore, up to two batteries can be shipped together within the United
States without restriction. Regulations governing shipment to or within other
countries may differ.

Three or More Batteries — Procedures for the transportation of three or
more batteries shipped together within the United States are specified by the
Department of Transportation (DOT) in the Code of Federal Regulations,
CFR49, “Transportation.” An exemption to these regulations, DOT — E7052,
covers the transport of certain hazardous materials classified as flammable
solids. This exemption authorizes transport of lithium batteries by motor
vehicle, rail freight, cargo vessel, and cargo—only aircraft, providing certain
conditions are met. Transport by passenger aircraft is not permitted.

A special provision of DOT-E7052 (11th Rev., October 21, 1982, par. 8-a)
provides that:

“Persons that receive cell and batteries covered by this exemption may
reship them pursuant to the provisions of 49 CFR 173.22a in any of these
packages authorized in this exemption including those in which they were
received.”

The Code of Federal Regulations, 49 CRF 173.22a, relates to the use of
packaging authorized under exemptions. In part, it requires that you must
maintain a copy of the exemption at each facility where the packaging is
being used in connection with shipment under the exemption.

Shipment of depleted batteries for disposal may be subject to specific
regulation of the countries involved or to regulations endorsed by those
countries, such as the IATA Restricted Articles Regulations of the
Interational Air Transport Association, Geneva, Switzerland.

Important: Regulations for transportation of lithium batteries are
periodically revised.

ATTENTION: Do not incinerate lithium batteries in general
trash collection. Explosion or violent rupture is possible.
Batteries should be collected for disposal in a manner to prevent
against short circuiting, compacting, or destruction of case
integrity and hermetic seal.
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For disposal, batteries must be packaged and shipped in accordance with
transportation regulations, to a proper disposal site. The U.S. Department of
Transportation authorizes shipment of “Lithium batteries for disposal” by
motor vehicle only in regulation 173.1015 of CRF49 (effective January 5,
1983). For additional information contact:

U.S. Department of Transportation

Research and Special Programs Administration
400 Seventh Street, S.W.

Washington, D.C. 20590

Although the Environinental Protection Agency at this time has no
regulations specific to lithium batteries, the material contained may be
considered toxic, reactive, or corrosive. The person disposing of the material
is responsible for any hazard created in doing so. State and local regulations
may exist regarding the disposal of these materials.
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Installing or Replacing Your
SLC 500 Battery

74

Back-up power for RAM is provided by a capacitor that will retain the
contents of the RAM for a period of 5 to 30 days. For applications requiring
memory back—up for a longer period of time an optional replaceable battery,
Catalog Number 1747-BA, is required. The lithium battery provides
back—up for approximately five years. A red BATTERY LOW LED tums on
when the battery voltage has fallen below a threshold level.

Once the BATTERY LOW LED goes on, do not remove processor power or
your program may be lost. Replace the battery as soon as possible. You can
replace the battery while the processor is powered.

For ba.tery installation or replacement do the following:
1. Remove the processor cover.

2 If you are:
installing a battery in a new processor (battery never installed before),
remove the jumper from the battery socket. Store jumper in safe place for
possible future use without battery.

replacing an old battery, unplug the battery connector from the socket.
The figure below shows you where to install the battery in a fixed
controller.

3. Insert a new or replacement battery in the holder making sure it is held in
by the retaining clip.

4. Plug the battery connector into the socket. See the figure below.

Battery
Connector — —
Red Lead NG
e =g
-~ Qa
(=1}
(=g
o
Battery §
White Lead
’ ogQo
Qoo
aago
oo
Retaining Clips D [:l

5. Replace the cover.
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Under normal power—up conditions, the POWER LED tums on. If a power
supply fuse is blown, the POWER LED will not tum on. One of the
following conditions could cause a blown power supply fuse:

¢ excessive line voltage
¢ internal power supply malfunction
¢ overloading 2-slot chassis

ATTENTION: Contact with AC line potential can cause injury
to personnel. Remove system power before attempting fuse
replacement.

Use only replacement fuses of the type and rating recommended
for the unit. Improper fuse selection can result in equipment
damage.

After the conditions causing the malfunction have been corrected, you can
replace the fuse:

1. Disconnect power to the processor.
2. Remove the cover on the processor.

3. Locate the fuse. Use a miniature fuse puller to grip the fuse and remove it
from its holder.

. 4. Discard the fuse and replace it with the recommended replacement fuse.

(See chapter 9 for more information.).

og

oo
oo

Fuse

H ()
|l

EE

5. Replace the cover on the processor.

6. Restore power to the processor. The POWER LED should now turn on.
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Replacing Retainer Clips on  If it becomes necessary to replace the retainer clip (also called self-locking
an 1/0 Module tab), order Catalog Number 1746-R15 (4 clips per package).

Retainer Clip
- AN
|:]: Holding Tabs

Removing Damaged Retainer Clips

If necessary, pry off the broken retainer clip from the bottom with a
screwdriver. Do not twist it off. You can damage the module.

Retainer Clip

N

Installing New Retainer Clips

Insert one of the pins of the retainer clip into the hole in the I/O module and
then snap the other end in place.

7-6



Calling Allen-Bradley for
Assistance

Chapter

Troubleshooting

In this chapter, you will lean about:

e calling Allen—Bradley for assistance

* tips for troubleshooting your control system
¢ troubleshooting your fixed controller

* troubleshooting your input moduies

¢ troubleshooting your output modules

If you need to contact Allen—Bradley or your local distributor for assistance,
it is helpful to obtain the following (prior to calling):

e processor type, series letter, and fimmware (FRN) number (see label on
side of processor module)

e processor LED status
¢ processor error codes (found in S:6 of status file)
¢ hardware types in system (I/O modules, chassis)

¢ revision of programming device (on the main menu of the Hand-Held
Terminal or Advanced Programming Software)

81
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Tips for Troubleshooting Your when troubleshooting, pay careful attention to these general wamings:
Control System

ATTENTION: Have all personnel remain clear of the controller
and equipment when power is applied. The problem may be
intermittent and sudden unexpected machine motion could result
in injury. Have someone ready to operate an emergency—stop
switch in case it becomes necessary to shut off power to the
controller equipment. Also, see NFPA 70E Part II for additional
guidelines for safety related work practices.

Never reach into a machine to actuate a switch since unexpected
machine motion can occur and cause injury.

Remove all electrical power at the main power disconnect
switches before checking electrical connections or inputs/outputs
causing machine motion.

If installation and start—up procedures detailed in chapters 3, 4, and 5 were
followed closely, your SLC controller will give you reliable service. Ifa
problem should occur, the first step in the troubleshooting procedure is to
identify the problem and its source.

The SLC 500 controller has been designed to simplify troubleshooting
procedures. By observing the diagnostic indicators on the front of the
processor unit and I/O modules, the majority of faults can be located and
corrected. These indicators, along with error codes identified in the
programming device user manual and programmer’s monitor, help trace the
source of the fault to the user’s input/output devices, wiring, or the controller.

Removing Power

Before working on a SLC 500 fixed system, always remove the power
supply input power at the main power disconnect switch.

The POWER LED on the power supply indicates that DC power is being
supplied to the chassis. This LED could be off when incoming power is
present when the:

e fuse is blown

e voltage drops below the normal operating range. Refer to chapter 1 for
more information.

e power supply is defective

8-2
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Replacing Fuses

When replacing a fuse, be sure to remove all power from the system.

Program Alteration

There are several causes of alteration to the user program, including extreme
environmental conditions, Electromagnetic Interference (EMI), improper
grounding, improper wiring connections, and unauthorized tampering. If you
suspect the memory has been altered, check the program against a previously
saved program on an EEPROM, UVPROM or Flash EPROM module.

To receive the maximum benefit of this troubleshooting section, we
recommend you follow these steps:

1. Match your processor LEDs with the status LEDs located in the first
column in the tables on the following pages.

2. Once the status LEDs are matched to the appropriate table, simply move
across the table identifying error description and probable causes.

+3. Follow the recommended action steps for each probable cause until the

cause is identified.

4. If recommended actions do not identify the cause, contact your local
Allen—Bradley sales office or distributor.
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if the LEDs indicate:
e —T ]

{J POWER

3 PCRUN

3 cpu FaULT
3 FoRceD VO
] BATTERY LOW

Identifying Fixed Controller Errors

Refer to the following key to determine the status of the LED indicators:

(] Indicates the LED is OFF.
B Indicates the LED is ON.
Indicates the LED is FLASHING.

" The Fol'owing

Error Exists

Probable Cause

Recommended Action

_/\_/_\/

if the LEDs indicate:
T T —

Il POWER

] PCRUN

[ cPuFAULT
(3 FORCED VO
3 BATTERY LOW

Inadequate
System Power

No Line Power

Verify proper fine voltage and conneclions on the power
terminals,

Power Supply
Fuse Blown

1. Check the incoming power fuse, check for proper
incoming power connections. Replace fuse.

2. If tuse blows again, replace the fixed controller.

Power Supply
Overloaded

This problem can occur intermittently if power supply is
lightly overloaded when output loading and temperature
varies. Hf you are using a 2-slot chassis, verify the
compatbility of the modules to prevent overloading the
backplane power.

The Following
Error Exists

Probable Cause

Recommended Action

LT T

84

Processor Not in
Run Mode

Either Improper

1. Verify selected processor mode.
2. If in programAest modes, attempt RUN mode entry.
3. Check user program logic for suspend instructions if

User Program : .

Logic Error Refer to either the Hand—Held Terminal User Manual,
Catalog Number 1747-NP002, or the Advanced
Programming Software User Manual, Catalog Number
1747-NM002.

. 1. Check incoming power connections.
Line Power Out of . ) . .
Operating Range | 2 Monitor for proper line voltage at the incoming power

connections.
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— T ]
The Foliowing .
W POWER Error Exists Probable Cause Recommended Action
; PCRUN Monitor logic in Run mode and verify desired VO status.
CPU FAULT
User P Refer to either the Hand—-Held Terminal User Manual ,
g ;i)T‘Trt:EEH?rVL?)w System L:;.:; éﬁg:am Catalog Number 1747-NP002, or the Advanced
inoperable, No Programming Software User Manual, Catalog Number
|~ Major CPU 1747-NM002.
Faults Detected -
&Lefe':irvgo Test inputs and outputs according to /O troubleshooting
Witing procedures starting on page 8-8.
If the LEDs indicate:
rw The Following .
B POWER Error Exists Probable Cause Recommended Action
PCRUN CPU Mem
W CPUFAUT Error ory Cycle power.
8 rorceD VO - -
T BATTERY LOW 1. Remove power and then remove the memory module
from the controller.
— S~ ~— 2 R ize the controller.
Faulty Memory e-enargize e corvro .
CPU Fautt Module If steady CPU FAULT LED _changes to flashing, replace thr
existing memory module with a replacement module.
Refer to chapter 4 for removing and installing memory
modules. *
Processor if upgrading the processor to a different fimware level,
Firmware Installed | verify that the firmware chip orientation matches the
Incorrectly upgrade kit directions.

Refer to the following key to determine the status
of the LED indicators:

] Indicates the LED is OFF.
Ml !ndicates the LED is ON.
Indicates the LED is FLASHING.
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If the LEDs indicate:

F/\/\/ The Following .
W POWER Error Exists Probable Cause Recommended Action
;UR::ULT Initial CPU Factory 1. Refer to chapter 6 and follow the start—up procedures.
O F Power—up 2. Clear processor memory to get rid of the flashing CPU
ORCEDYO Condition FAULT LED.
3 BATTERY LOW
1. Monitor Status File Word S:6 for major enor code.
T
2. Refer to either the Hand—Held Terminal User Manual,
Catalog Number 1747-NP002, or the Advanced
Ha(dwar e/Software Programming Software User Manual, Catalog Number
CPU Major Major Fautt 1747-NM002, for error codes and additional
Fault Detected troubleshooting information.
Ematic repetitive 3. Remove hardware/software condition causing fault.
power cyclingcan | 4. Clear Status File S:1/13 major eror b, if set.
cause a processor e L
major hardware 5. Clear Status File S:5 minor emor bits, if set.
fautt. 6. Clear Status File S:6 major error code (optional).
7. Attempt a processor Run mode entry.
If unsuccessful, repeat recommended action steps above.
If the LEDs indicate:
e ——T  —]
The Following .
BN POWER Error Exists Probable Cause Recommended Action
W PCRUN 1. Monitor program file online and identify forced /0.
E Eg:;EAULT 2. Disable apprOpﬁate forces and test system conditions
Do .
3 BATTERY LOW System does User Fprced o again.
g?; dopeirax.e per Dlsa:)l:pg Refer to either the Hand-Held Terminal User Manual,
L~ erfogic. Operation Catalog Number 1747-NP002, or the Advanced
Programming Software User Manual, Catalog Number
1747-NM002.

Refer to the following key to determine the status
of the LED indicators:

[ Indicates the LED is OFF.
Bl indicates the LED is ON.
Indicates the LED is FLASHING.

8-6
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The Following .
W POWER Error Exisls Probable Cause Recommended Action
HR PCRUN 1. Monitor program file online and identily programmed
C cpu FALLT forces.
oo System does 2. Enable appropriate forces and lest system conditions
) BATTERYLOW S voerale ner | User Programmed | again. Once forces are enabled, the FORCED LO LED
pmgc:'gfn m edpe Forces are Not goes on sleady.
——/\N
lorces. Enabled Refer to either the Hand-Held Terminal User Manual,
Catalog Number 1747-NP002, or the Advanced
Programming Software User Manual, Catalog Number
1747-NM002.
If the LEDs indicate:
e ]
- The Following .
B POWER Error Exists Probable Cause Recommended Action
CJ PCRUN 1. Verify battery is connected. See page 7-4.
CPU FALLT
O FORCED VO ' 2. Replace the battery. See page 7-4.
= sATTERY LOW® g:g m‘”mw Loss of RAM 3. Refer to processor major fault recommended action
during Power steps.
No Batt .
g‘ach,p *¥ | Down Period Refer to either the Hand-Held Terminal User Manual,
Catalog Number 1747-NP002, or the Advancad
Programming Software User Manual, Catalog Number
1747-NMo02.

Refer to the following key to determine the status

of the LED indicators:
[ indicates the LED is OFF.
Il Indicates the LED is ON.

Indicates the LED is FLASHING.

@ Regardless of any other LED status indicator condi-
tions, always replace the battery when the BATTERY
LOW LED is on if you want AAM battery backup. If
you want fo back up RAM with a capacitor, add or
replace the BATTERY LOW LED jumper.
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Troubleshooting Your Input
Modules

The following will assist you in troubleshooting your input modules.

Input Circuit Operation

An input circuit responds to an input signal in the following manner:

1. Aninput filter removes false signals due to contact bounce or electrical

interference.

2. Optical isolation protects the backplane circuits by isolating logic circuits
from input signals.

3. Logic circuits process the signal.

4. Aninput LED tums on or off indicating the status of the corresponding

input device.

Input
tput —1 Conditioning

Optical

Isofation

Logic Circuits

Processor

5. The processor receives the input status for use in processing the program

logic.

LED
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It your Input And Your Input :
Circuit LED is Device is And Probable Cause Recommended Action
Your input device will not turn Device ts shorted or . . . .
off. damaged. Verify device operation. Replace device.
On/ClosediAdivated Input is forced off in Chack the FORCED V'O or FORCE LED
Your program operates as program. on processor and remave forces,
though i is off. input circuit i
put circuit 1s . .
damaged. Try other input circuit. Replace module.
On :gg:tad:vsfrg]f:-slale Check device and input circuit
exceegds inoul circut specifications. Use load resistor 1o
eds input bleed—off current.
Your program operales as specification.
OfffOpen/Deactivaled | though  is on and/or the input .
o Input device is shorled - - . .
circuit will not tum off. of damaged. Verify device operation. Replace device.
Input circuit is miswired | Verify proper wiring. Try other input
or damaged. circuit. Replace module,
Input circuit is Check specification and sink/source
incompatble. compalibility (if DC input).
Low voltage across the | Chaeck the voltage across input circuit
input. and check source voltage.
Your program operates as Incommect wiring or an Check wiring and COMmon
On/Closed/Activated | though it is off and/or the input | open circuit. connections.
1 circut will not tum on. -
input signal tum on*
time too fast for input | Check timing specifications.
circut.
Off
Input circuit is Verify proper wiring. Try other input
damaged. circuit. Replace module,
Your input device will not turn Input device is opened . . .
on. or damaged. Verify operation. Replacs device.
Inout is forced on i Check processor FORCED 11O or
Off/Open/Deactivated nput s loreed on in FORCE LED and remove forces. Verily

Your program operates as
thoughiit is on.

program.

proper wiring. Try other input circuit.

Input circuit is
damaged.

Verity proper wiring. Try other input
circuit. Replace module.
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Troubleshooting Your Output
Modules

The following will assist you in troubleshooting your output modules.

Output Circuit Operation

An output circuit controls the output signal in the following manner:

1
2
3.
4
5

. The processor determines the output status.

. Logic circuits maintain the output status.

An output LED indicates the status of the output signal.

Processor

Logic Circuits

Optical

Isolation

Output Drivers

LED

. Optical isolation separates logic and backplane circuits from field signals.

. The output driver tumns the corresponding output on or off.

— Output
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It your Qutput

And Your Output

Circuit LED is Device is And Probable Cause Recommended Action
Check for duplicate outputs and addresses using the
search function.
If using subroutir)es, outputs are left in their last state
Programming problem, when not executing subroutines.
v Use the force function to force output off. If this does
Your program not force the output off, output circuit is damaged. |f the
. indicates that the output does forca oft, then check again for
On/Energized output circuit is off or logic/programming problem.
the output circuit wilt i
not tum off. . . Check processor FORCED VO or FORCE LED and
Output s forced on in program. removepl(orces. -
On Use the force function to force the output off. If this
forces the output off, then there is a logic/programming
Output circuit is damaged. problem. {f this does not force the output off, the output
circuit is damaged. Try other output circuit. Replace
module.
ll":’a"é or o volage across the Measure the source voltage and chack specifications.
Your output device .
will nottumonand | incorrect wiring or open circuit. | Check wiring and COMmon connections.
OffDe—energized | the program ook - g ity
indicates that i is i ack specifications and sink/source compatibility (i
on. Output device is incompalible. DC output).
Output circuit is damaged. Check witing. Try other output circuit. Replace module.
Output device is incompatible. | Check specifications.
Output circu Oof;s(;ale leakage Check specifications. Use load resistor to bleed oft
Ye i current may exceed output leakage cument. See output specifications
our output device | device specification. g : tput spec :
will not turn off and
On/Energized the program " Check wiring. Disconnect from SLC and verify device
indicates that & is Incorrect wiring. operation,
off.
Output device is shorted or . . . .
damaged, Verify device operation. Replace device.
Output circuit is damaged. Check wiring. Try other output circuit. Replace module.
Check for duplicate outputs and addresses using
search function.
oft . . -
'} If using subroutines, outputs are left in their las! state
Programming problem. when not executing subroutines.
Use the force function lo force output on. If this does
.Y our program not force the output on, output circuit is damaged. if the
. mdlcate§ lh_at .the output does force on, then check again for
Oft/De—energized | output circu is on or logic/programming problem.

the output circuit will
not turn on.

Output is forced off in pragram,

Check processor FORCED VO or FORCE LED and
remove forces.

Output circuit is damaged.

Use the force function to force the output on. 1 this
forces the output on, then there is a logic/programming
problem. 1fthis does not force the output on, the output
circuit is damaged. Try other outptit circuit. Replace
module.
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Chapter

Replacement Parts

This chapter provides a list of replacement parts and a list of replacement

terminal blocks for your SLC 500 controller.

Replacement Parts

This table provides a list of replacement parts and their catalog numbers.

Description Catalog Number

Pre—wired Interface Cable — Available in 1.0m, 2.5m, and 5.0m lengths. 1492-CABLE®H

Replacement Fuses — Five fuses per package. Orders must be for five fuses or multiples of five.

Replacement fuse for Fixed YO AC units, MDL 1.25 Ampere 1746-F4

Replacement fuse for Fixed O DC units, MDL 1.6 Ampere 1746-F5

Modular Card Slot Fillers — Two fillers per package. Orders must be for two fillers or multiples of two. 1746-N2

Connector — Mating Connector for 32 Point user—made cable 1746-N3

Kit consisting of four replacement terminal covers and labels for 4, 8, 16 110 modules 1746-R9

Replacement Cover for Specialty VO 1746-R13

Two covers per package. Orders must be for two covers or multiples of two.

Replacement Retainer Clips for Modules 1746-R15

Four clips per package. Orders must be for four clips or multiples of four.

Lithium Battery Assembly

This is an optional part used for the SLC 500 Fixed and Modular Hardware Style processors and the Hand—Held Terminal. 1747-BA

Refer to product documentation for proper storage and handling instructions. For disposal information, consult your nearest

Allen—Bradley Sales Office.

Processor to Peripheral Programming/Communication Cable 1747-C10

Processor to Isolated Link Coupler Cable 1747-C11

Specialty Module to Isolated Link Coupler Cable 1747-C13

EEPROM with 1K User Instructions 1747-M1

UVPROM with 1K User Instructions 1747-M3

Adapter Sockets — Orders must be for five sockets or multiples of five. 1747-M5

Replacement Parts Kit for 20 l/O Fixed Hardware Style Processor

Two Output Terminal Covers

Two Input Terminal Covers 1747-R5

Two Prom/Battery Covers

One HHT/Comm Connector Cover

Replacement Parts Kit for 30 and 40 /O Fixed Hardware Style Processors

Two Output Terminal Covers

Two Input Terminal Covers 1747-R7

Two Prom/Battery Covers

One HHT/Comm Connector Cover

Replacement Terminal Covers for 4, 8, & 16 /O Modules 1747-R9

This kit contains four blank covers and appropriate labels for replacement of any required 140 module cover.

HHT Keypad Replacement Overlay for English Memory Pak Firmware Releases 1.02, 1.07 and 1.10 1747-R20

HHT Keypad Replacement Overlay for French Memory Pak Firmware Releases 1.10 1747-R20F

HHT Keypad Replacement Overlay for German Memory Pak Firmware Releases 1.10 1747-R20G

HHT Keypad Replacement Overlay for ltalian Memory Pak Firmware Releases 1.10 1747-R20l

HHT Keypad Replacement Overlay for English Memory Pak Firmware Releases 2.00 and Later 1747-R21
1747-R21F

HHT Keypad Replacement Qverlay for French Memory Pak Firmware Releases 2.00 and Later

© Insert the cable length code into the calalog number. Cable length codes are as follows: 10=1.0m, 25=2.5m, and 50=5.0m. For example, 1492-CABLE25H is a 2.5m cable.
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Replacement Parts

Replacement Terminal Blocks  This table provides a list of replacement terminal blocks and their catalog

numbers.
Description Catalog Number

Replacement Terminal Block {Red) — Used with AC 110 modules, Catalog Numbers 1746-1A16, OA16, IM16 1746-RT25R
Replacement Terminal Block (Blue) — Used with DC VO modules, Catalog Numbers 1746-1B16, IV16, OB16, OV16, iN16, 1746-RT25B
1G16, 0G16
Replacement Terminal Block (Orange) — Used with relay output modules, Catalog Numbers 1746-OW16, OX8 1746-RT25C
Replacement Terminal Block (Green) — Used with Specialty VO modules, Catalog Numbers 1746-HSCE, 1012 1746-RT25G
Replacement Terminal Block — 2 postion terminal block used with analog output modules, Catalog Numbers 1746-N0O4I, 1746-RT26
NO4v ]
Replacement Terminal Biock — 8 position terminal block used with analog output modules, Catalog Numbers 1746-NO4|, 1746-RT27
NO4V
Replacement Terminal Block — Used with analog input modules, Catalog Numbers 1746-NI4, NIO4I, NIO4V 1746-R728
Replacement Terminal Biock — Used with RIO Communication Modules, Catalog Numbers 1747-SN, DSN, DCM 1746-RT29
Replacement Terminal Block — Used with DH-485 Link Coupler, Catalog Number 1747-AIC 1746-RT30
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DH—485 Network Description

DH-485 Network Protocol

Appendix

Setting Up the DH-485 Network

The information in this appendix will help you plan, install, and operate the
SLC 500 in a DH-485 network. This chapter also contains information that
describes the DH-485 network functions, network architecture, and
performance characteristics. It also covers:

e DH-485 network description

¢ DH-485 network protocol

¢ DH-438S5 token rotation

e DH-485 network initialization

o devices that use the DH-485 network

e 1747-AlC isolated link coupler for DH—485
e example system configuration

e important planning considerations

e DH-485 network installation

We have designed the DH-485 network to pass information between devices
on the plant floor. The network monitors process parameters, device
parameters, device status, process status and application programs to support

"' data acquisition, data monitoring, program upload/download and supervisory

control.

The DH—485 network offers:

¢ interconnection of 32 devices

* multi-master capability

¢ token passing access control

e the ability to add or remove nodes without disrupting the network
¢ maximum network length of 1219 m (4000 ft)

The following section describes the protocol used to control message
transfers on the DH—485 network. The protocol supports two classes of
devices: initiators and responders. All initiators on the network get a chance
to initiate message transfers. To determine which initiator has the right to
transmit, a token passing algorithm is used.
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Setting Up the DH-485 Natwork

DH-485 Token Rotation

DH-485 Network Initialization

A node holding the token can send any valid packet onto the network. Each
node is allowed only one transmission (plus two retries) each time it receives
the token. After a node sends one message packet, it attempts to give the
token to its successor by sending a “token pass” packet to its successor.

If no network activity occurs, the initiator sends the token pass packet again.
After two retries (a total of three tries) the initiator will attempt to find a new
SUCCESSOF.

Important: The maximum address that the initiator will search for before
wrapping to zero is the value in the configurable parameter
“maximum node address.” The default value for this parameter
is 31 for all initiators and responders.

The allowable range of the node address of an initiator is O to 31. The
allowable address range for all responders is 1 to 31. There must be at least
one initiator on the network.

Network initialization begins when a period of inactivity exceeding the time
of a link dead timeout is detected by an initiator on the network. When the
time for a link dead timeout is exceeded, usually the initiator with the lowest
address claims the token. When an initiator has the token it will begin to
build the network. The network requires at least one initiator to initialize it.

Building a network begins when the initiator that claimed the token tries to
pass the token to the successor node. If the attempt to pass the token fails, or
if the initiator has no established successor (for example, when it powers up),
it begins a linear search for a successor starting with the node above it in the
addressing.

When the initiator finds another active initiator, it passes the token to that
node, which repeats the process until the token is passed all the way around
the network to the first node. At this point, the network is in a state of
normal operation.



Devices that Use the DH-485
Network

AppendixA

Setting Up the DH-485 Network

Presently, the following SLC 500 devices support the DH-485 network:
SLC 500 Fixed I/O Controller (responder)

SLC 5/01 Modular I/O Controller (responder)

SLC 5/02 Modular I/O Controller (initiator/responder)
SLC 5/03 Modular [/O Controller (initiator/responder)
Personal computer running SLC 500 Advanced Programming Software

(initiator)

Hand-Held Terminal (initiator)
DTAM (initiator/responder)

Other devices that use the DH—485 network include those in the table below.

Catalog Number

Description

Installation Requirement

Function

Publication

1746-BAS

BASIC Module

SLC Chassis

Provides an interface for SLC 500
devices to foreign devices. Program in
BASIC to interface the 3 channels (2
RS-232 and 1 DH48S) to printers,
modems, or the DH—485 network for
data collection.

1746-ND00S
1746-NM002
1746-NMo0t

1747-KE

DH—485/DF1
Interface Module

SLC Chassis

Provides a non-isolated DH-485
interface for SLC 500 devices to host
computers over RS-232 using full- or
hali-duplex DF1 protocol. Enables
remote programming with APS 1o an
SLC 500 processor or the DH-485
network through modems. ideal for low
cost RTU/SCADA appications.

1747-NUoo1

1770-KF3

DH-485/0F1
Interface Module

Standalone ("deskiop”)

Provides an isolated DH—485 interface
for SLC 500 devices to host computers
over RS-232 using full- or hali—duplex
DF1 protocol. Enables remote
programming with APS to an SLC 500
processor or the DH-485 network
through modems.

1770-6.5.18

1784-KR

PC DH-485
Interface Module

18M XT/AT
Computer Bus

Provides an isolated DH-485 port on the
back of the computer. When used with
APS software, it improves
communication speed and eliminates
use of the Personal Interface Converter
(1747-PIC). The Standard Driver allows
you to write “C" programs for data
acquisition applications.

1784-223
6001-6.5.5

1785-KAS

DH+ ™ /DH485
Gateway

(1771) PLC® Chassis

Provides communication between
stations on the PLC-5 (DH+) and SLC
500 (DH~485) networks. Enables
communication and data transfer from
PLC to SLC 500 on DH—485 network.
Also enables APS programming or data
acquisition across DH+ to DH-485.

1785-6.5.5
1785-1.21

2760-RB

Flexible Interface
Module

(1771) PLC Chassis

Provides an interface for SLC 500 (using
protocol carridge 2760-SFC3) to other
A-B PLCs and devices. Three
configurable channels are available to
interface with Bar Code, Vision, RF,
Dataliners, and PLC systems.

2760~-ND001
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Setting Up the DH-485 Network

1747-AIC Isolated Link
Coupler for DH—485

A4

The isolated link coupler (1747-AIC) is used to connect SLC 500 family
devices to the DH-485 network (as shown on page A-5). The coupler
provides a 6—position removable terminal block for connection to the
DH-485 communication cable.

Network connections for the SLC 500 processor are provided by the Catalog
Number 1747-C11, 304.8 mm (12 in.) cable supplied with the link coupler.
Network connections for peripheral devices, such as the Personal Interface
Converter (1747-PIC), Data Table Access Module (1747-DTAM-E), or
Hand-Held Terminal (1747-PT1) are provided by the standard Catalog
Number 1747—-C10 1.8 m (6 ft) cable supplied with each of those devices.

To protect connected devices, the coupler provides 1500 VDC isolation
between the communications cable and the attached SL.C 500 controller and
peripheral devices (PIC, DTAM, or HHT).

The isolated link coupler can also be used to provide connectivity between a
peripheral device (APS and PIC, HHT, or DTAM) for distances greater than
1.8 m (6 ft) up to a maximum of 1219 m (4000 ft). Below is an example of a
“remote” connection between a computer running APS and an SLC 500
processor.

1747-AIC 1747-AIC R ICIGRECIE

L]

o
————— M | >1smEn M
‘

1747-C10 .
.

1747-C10 +24VDC

1747-C11

NP1l NP1®provides +24 VDC for the
1747-AIC. -

® You can also use an NP2 desktop model.




4

Allen—Bradiey 1784-T45, T47
of compalble laptop

IBM-PC, XT, or compatible
with 1784-KA, DH-485 PC Interface

== : |
1747-PIC

"yoMau S8p-HA © o adurexo Ut st mold  uoneInbijuos) weysAs ajdwex3

. SLC 500 5/03 J 11 o\
Intedface Converter Modular VO Controller E——— 1
Cnl' =
DH—485 Network max. length 1219 m (4,000 ft.) =
in
. (o] Pl "
1747-AlC Isolated lD 1747-AIC 1747-AIC ID_ [l:] 1747-AIC I ]47-AIC ) 174 7-AIC
Link Coupler
a n=l ln n o
g i-]
e [ o >
oy | [O (=
| Data Table = p—- 3 @
Access Module . — m o 3
1 = 3 c2
HH LML o x
= = F>
- LT o = g
) and-Held Terminal —
SLC 500 20 point E ]
i SLC 500 &0% LI= T
— Fixed VO Conlrofer Modular UO Controller N
SLC 500 [y
%f‘n’ Fixed VO Controller ‘__:'
I
S
=
SLC 500 5/02

Modular VO Conlroller
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Important Planning Carefully plan your network configuration before installing any hardware.
Considerations Listed below are some of the factors that can affect system performance:
e amount of electrical noise, temperature, and humidity in the network
environment

¢ number of devices on the network

¢ connection and grounding quality in installation
e amount of communication traffic on the network
¢ type of process being controlled

¢ network configuration

The major hardware and software issues you need to resolve before installing
a network are discussed in the following sections.

Hardware Considerations

You need to decide the length of the communication cable, where you route
it, and how to protect it from the environment where it will be installed.

When the communication cable is installed, you need to know how many
devices are to be connected during installation and how many devices will be
added in the future. The following sections will help you understand and
plan the network.

Number of Devices and Length of Communication Cable

You must install a link coupler (1747-AIC) for each node on the network. If
you plan to add nodes later, provide additional link couplers during the initial
installation to avoid recabling after the network is in operation.

The maximum length of the communication cable is 1219 m (4000 ft). This
is the total cable distance from the first node to the last node on the network.

Planning Cable Routes

Follow these guidelines to help protect the communication cable from
electrical interference:

¢ Keep the communication cable at least five feet from any electric motors,
transformers, rectifiers, generators, arc welders, induction furnaces, or
sources of microwave radiation.

¢ If you must run the cable across power feed lines, run the cable at right
angles to the lines.

¢ If you do not run the cable through a contiguous metallic wireway or
conduit, keep the communication cable at least 0.15 m (6 in) from ac
power lines of less than 20 A, 0.30 m (1 ft) from lines greater than 20 A,
but only up to 100 kVA, and 0.60 m (2 ft) from lines of 100 kVA or more.

¢ If you run the cable through a contiguous metallic wireway or conduit,
keep the communication cable at least 0.08 m (3 in) from ac power lines
of less than 20 A, 0.15 m (6 in) from lines greater than 20 A, but only up
to 100 kVA, and 0.30 m (1 ft) from lines of 100 kVA or more.
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Running the communication cable through conduit provides extra
protection from physical damage and electrical interference. If you route
the cable through conduit, follow these additional recommendations:

— Use ferromagnetic conduit near critical sources of electrical
interference. You can use aluminum conduit in non—critical areas.

— Use plastic connectors to couple between aluminum and ferromagnetic
conduit. Make an electrical connection around the plastic connector
(use pipe clamps and the heavy gauge wire or wire braid) to hold both
sections at the same potential.

— Ground the entire length of conduit by attaching it to the building
earth ground.

— Do not let the conduit touch the plug on the cable.

— Arrange the cables loosely within the conduit. The conduit should
contain only serial communication cables.

— Install the conduit so that it meets all applicable codes and
environmental specifications.

For more information on planning cable routes, see /ndustrial Automation
Wiring and Grounding Guidelines, publication number 1770-4.1.

Software Considerations

Software considerations include the configuration of the network and the

' parameters that can be set to the specific requirements of the network. The
following are major configuration factors that have a significant effect on
network performance:

¢ number of nodes on the network

* addresses of those nodes

s Dbaud rate

¢ maximum node address selection

® 5/03 only: token hold factor

The following sections explain network considerations and describe ways to
select parameters for optimum network performance (speed).

Number of Nodes

The number of nodes on the network directly affects the data transfer time
between nodes. Unnecessary nodes (such as a second programming terminal
that is not being used) slow the data transfer rate. The maximum number of
nodes on the network is 32.
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Setting Node Addresses

The best network performance occurs when node addresses start at O and are
assigned in sequential order. SLC 500 processors default to node address 1.
The node address is stored in the processor status file (S:15L). Processors
cannot be node 0. Also, initiators such as personal computers should be
assigned the lowest numbered addresses to minimize the time required to
initialize the network.

If some nodes are connected on a temporary basis, do not assign addresses to
them. Simply create nodes as needed and delete them when they are no
longer reguired.

Setting Processor Baud Rate

The best network performance occurs at the highest baud rate, which is
19200. All devices must be at the same baud rate. The default baud rate for
SLC 500 devices is 19200. The baud rate is stored in the processor status file
(S:15H).

Maximum Node Address Setting

The maximum node address parameter should be set as low as possible. This
minimizes the amount of time used in soliciting successors when initializing
the network. If all nodes are addressed in sequence from O, and the
maximum node address is equal to the address of the highest addressed node,
the token rotation will improve by the amount of time required to transmit a
solicit successor packet plus the slot timeout value.

Note that this does not allow any node to be added to the network without
affecting the response time. On the other hand, since the time required to
hold an open station address is greater than the time required to pass a token,
it can be useful to leave a temporary device (such as a personal computer)
connected if there is only one such device. (A solicit successor packet
requires the same transmission time as the token pass, but there is an added
slot timeout period.)

See the Hand-Held Terminal User Manual, Catalog Number 1747-NP002,
or the Advanced Programming Software User Manual, Catalog Number
1747-NM002, for the procedures to set node addresses, processor baud rate,
and maximum node addresses.

Important: The SLC 500 Series A (only) processors set the maximum node
address to 31 when power is cycled increasing initialization and
response time of the network.
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DH-485 Network Installation  To install 2 DH—485 network, you will need tools to strip the shielded cable
and to attach the cable and terminators to the isolated link coupler.
Install the DH-485 network using the following tools (or equivalent):

Description Part Number Manutacturer
Shielded Twisted Pair Cable #9842 Belden
Stripping Tool 45-164 ‘ ldeal Industries
1/8 " Slotted Screwdriver NA NA

DH-485 Communication Cable and Isolated Link Coupler

The link coupler provides a connection for each node. The isolated link
coupler electrically isolates the DH-485 communication interface from the
processor and peripheral connections. Electrical-optical isolation is
provided to 1500 VDC.

The suggested DH—485 communication cable is Belden #9842 cable. The
cable is jacketed and shielded with two twisted wire pairs and a drain wire.

One pair provides a balanced signal line, and one wire of the other pair is

used for a common reference line between all nodes on the network. The

shield reduces the effect of electrostatic noise from the industrial
_environment on the network communication.
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_ 1747-AIC

Installing the DH-485 Communication Cable

The communication cable consists of a number of cable segments
daisy—chained together. The total length of the cable segments cannot
exceed 1219 m (4000 ft).

When cutting cable segments, make them long enough to route them from
one link coupler to the next with sufficient slack to prevent strain on the
connector. Allow enough extra cable to prevent chafing and kinking in the
cable.

Belden

Link Coupler

1747-AIC

i
P
-

EW‘ Connector EPW‘ Conneclor

i Perghacal Connector

ww Power w Power w Power

_q_

Important: We only recommend a network that is daisy—chained. For
example, we do not recommend the following:

Belden
#9842

Connector
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Connecting the Communication Cable to the Isolated Link Coupler

Attach the terminal block of the link coupler to the Belden #9842 cable as
shown below. Additional terminal blocks are available for replacement, see

chapter 9.

Single Cable Connection
Orange with White Stripes
White with Orange Stripes

Belden #9842

-

Pa

Shrink Tubing Recommended

Blue with White. Stripes
Drain Wire

Multiple Cable Connection
to Previous Device

fo Successive Device

19525
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The table below shows wire/terminal connections for DH-485 connectors fgr

old Belden #9842,
For this Wire/Pair Connect this Wire To this Terminal
Shield/Drain Non-jacketed Terminal 2 - Shield
Black Cut back - no connection®
Black/MWhite
White Terminal 3 - (Common)
Black Terminal 4 - (Data B)
Black/Red 3
Red Terminal 5 — (Data A)

® prevent confusion when instafling the communication cable, cut back the black wire immediately after the

the insulation jacket is removed. This wira is not used by DH-485.

The table below shows wire/terminal connections for DH—485 connectors for

new Belden #9842,
For this Wire/Pair Connect this Wire To this Terminal
Shield/Drain Non—jacketed Terminal 2 — Shield
White with Blue Stripe Cut back - no connection®
Blue/White
Blue with White Stripe Terminal 3 — {Common)
White with Orange Slrbe Terminal 4 — (Data B)
White/Orange 3
. Orange with White Stripe Temminal 5 — {Data A)

) prevent confusion when installing the communication cable, cut back the white with blue stripe wire
immediately after the the insulation jacket is removed. This wire is not used by DH~485.

Important: In Series A 1747-AIC, terminal 5 was called DATA B and
terminal 4 was called DATA A. In this case, use terminal
numbers only and ignore signal names DATA B and DATA A.
The intemal circuitry of the Series A is the same as Series B.



Appendix A
Setting Up the DH-485 Network’

Grounding and Terminating the DH-485 Network

One (only one) of the link couplers at the end of the link must have
Terminals 1 and 2 of the network connector jumpered together. This
provides an earth ground connection for the shield of the communication
cable.

Link couplers at both ends of the network must have Terminals S and 6 of the
link connectors jumpered together. This connects the termination impedance
(of 120Q2) that is built into each link coupler as required by the DH—485
specification. See the figure below for the proper jumpering.

End-of-Line Termination
Jumper Jumper
6 ‘/ Belden #9842 Cable \ ’% )
5 (1219m)}0;0£hManmum @ 5 g
5N 4
o B
2% W;| o)

Jumper
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Powering the Link Coupler

In normal operation with the programmable controller connected to the link
coupler, the processor powers both the link coupler and peripheral device
(DTAM, PIC, HHT) — if connected — through the CI11 cable.

If you do not connect the processor to the link coupler, then use a 24 VDC
power supply to power the link coupler and peripheral device. The
1747-AIC requires 85mA at 24 VDC. With a peripheral device connected,
the total current required is 190mA at 24 VDC.

If both the processor and external power are connected (o the link coupler,
only the external source is used.

Important: Always connect the CHS GND (chassis ground) terminal to the

nearest earth ground. This connection must be made whether or
not an external 24 VDC supply is used.

Below are three options for externally powering the 1747-AIC:

If the link coupler is to be installed in an office environment, you can use
the wall mount power supply (1747-NP1) or global desktop power supply
(1747-NP2). The link coupler would be powered through either the
1747-C10 cable or by hardwiring from the supply to the screw terminals
on the link coupler.

If you use the AC chassis power supplies (1746-P1 or 1746-P2), you can
use the 24 VDC user power supply (200mA maximum) built into the

* power supply. The link coupler would be powered through a hard—wired

connection from the screw terminals on the power supply to the screw
terminals on bottom of the link coupler.

You can use an external DC power supply with the following
specifications:

— operating voltage: 24 VDC + 25%

— outputcurrent: 190mA

— rated NEC

The link coupler would be powered through a hard—wired connection
from the external supply to the screw terminals on the bottom of the link
coupler. '

ATTENTION: If you use an external power supply, it must be
24 VDC. Permanent damage will result if miswired with the
WIONg power source.
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The figure below shows the extemnal wiring connections and specifications of

the link coupler.

(T3) SLC 500
@ DH-485 LINK COUPLER

CAT SER
LISTED IND. CONT. EQ. OPERATING
FOR HAZ LOC. A196 @® TEuPERATURE
CLASS 1, GROUPS A, B, CAND D, DIV. 2
6 TERMINATION
5A
EXTERNAL POWER REQUIREMENTS 4B
24 VDC +/— 25% AT 190 mA ' 3 COMMON
N.E.C. CLASS 2 2 SHIELD
1 CHASSIS GROUND

CAUTION - EXTERNAL POWER, IF USED, MUST BE 24VDC
PERMANENT DAMAGE TO CIRCUITRY WILL RESULT
IF MISWIRED WITH THE WRONG POWER SOURCE.

O
[e]

GNO
SHO

AN3N
0aAve

FAC 1P

MADE IN U.S.A.

CHS OC 24
GND NEUT  VDC

I

P
OJIO
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A-16

You can connect an unpowered link coupler to the DH-485 network without
disrupting network activity. In addition, if an SLC 500 controller powers a
link coupler that is connected to the DH-485 network, network activity will
not be disrupted should the SLC 500 controller be removed from the link
coupler.

Installing and Attaching the Link Couplers

1. Take care when installing the link coupler in an enclosure so that the
cable connecting the SLC 500 controller to the link coupler does not hit
the enclosure door.

2. Carefully plug the terminal block into the DH—-485 port on the link
coupler you are putting on the network. Allow enough cable slack to
prevent stress on the plug.

3. Provide strain relief for the Belden #9842 cable after it is wired to the
terminal block. This guards against breakage of the Belden cable wires.
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Appendix

The 1771-Remote I/O Network

This appendix provides a brief introduction about the 1771-Remote I/O
Network. For information on the 1771-Remote I/O Network, see the Direct
Communication Module User Manual, Catalog Number 1747-NMQ07 and
the Remote [10 Scanner User Manual, Catalog Number 1747-NMQ0S.

The Allen—Bradley 177 1-Remote I/O Network enables chassis of 1/O,
operator interface terminals, push—button panels, blocks of 1/0, message
displays, drives and much more to be great distances from the host PLC
processor. The SLC 500 controller (fixed, 5/01, 5/02, or 5/03) can interface
to this network through the 1747-DCM module for distributed processing.
The DCM allows the SLC 500 to look like another device on the network.

Below is an example of the 1771-Remote I/O Network.

PLC-S/15 or
i T [ pieoaps 1747-DCM 1747-DCM 1747-0CM
E H Fixed l SLC 5101 l SLC 502 l
Mmoo
tum o] {m] CEREE) [ rEEEE
- - A= '
£ [ i
E &
= 1771-Remote O Network
[svsuasne]
PanelView
Operator Terminal

With the SLC 5/02 or 5/03 processor, a 1747-SN Remote /O Scanner can be
used as the host of the remote I/O network. With a SLC 5/02 or 5/03 and

SN, a PLC is not required on the network.

[\

RO ERC0 U m|ET| (EE

T 1747-SN

I 1771-Remote /O Network
SLC 5/02 r \
SLC 5/02
% 1747-DCM
lock 110
PanelView g cg:) Block
Operator Terminal

[sessnnss] %
[Fasscsas)




RS-232 and SCADA
Applications

RS-232 Communication
Interface Overview

Appendix

RS-232 Communication Interface

This appendix provides an overview of the RS-232 communication interface.
This appendix also provides information on the following;:

¢ RS-232 and SCADA applications

¢ RS-232 communication interface overview

e SLC 500 devices that support RS-232 communication

¢ wiring connectors for RS-232 communication

RS-232 is a communication interface included under SCADA (Supervisory
Control and Data Acquisition) applications. SCADA is a term that refers to
control applications that require communication over long distances. For
more information about the use of Allen-Bradley equipment in SCADA
applications, refer to the Allen—Bradley SCADA Applications Guide, .
Publication Number ICCG-11.6.

. RS-232 is an Electronics Industries Association (EIA) standard that specifie.

the electrical, mechanical, and functional characteristics for serial binary
communication. It provides you with a variety of system configuration
possibilities that differ from those offered by DH—485.

One of the biggest benefits of RS—232 communication is that it lets you
integrate telephone and radio modems into your control system. The
distance over which you are able to communicate with certain system devices
is virtually limitless.

The SLC and PLC products detailed in this appendix that communicate over
the RS—-232 communication interface also use the DF1 serial communication
protocol. DF1 protocol delimits messages, controls message flow, detects
and signals errors, and retries after errors are detected.
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RS-232 Communication Interface

SLC 500 Devices that Support The SLC 500 product line has three other modules, aside from the SLC 5/03

RS-232 Communication

processor, that support the RS-232 communication interface. They are the
DH—485 Communication Interface (1770-KF3), the BASIC module
(1746-BAS), and the DH-485/RS-232C Interface (1747-KE). All three of
these modules can be used with SLC 500 Fixed Controller.

1770-KF3 Module

The 1770-KF3 module links host computers with the Allen-Bradley
DH-485 Data Highway. The host computer communicates with the
1770-KF3 over an RS232 link using DF1 protocol. Through the 1770-KF3,
the host computer can communicate with the nodes on the DH-485 network.

For more information on the 1770-KF3 module, see the DA—485
Communication Interface User Manual, Catalog Number 1770-6.5.18.

1747-KE Module

The 1747-KE is a communication interface module that acts as a bridge
between DH—485 networks and devices requiring DF1 protocol. You can
configure the DF1 port on the 1747-KE for RS-232/423, RS-422, or
RS-485 devices. Residing in an SLC 500 chassis, the 1747-KE is ideally
used as an interface module, linking remote' DH—485 networks via a modem

to a central host.

For more information on the 1747-KE module, see the DH—485/RS-232
Interface Module User Manual, Catalog Number 1747-NUQOI.

1746-BAS Module

The 1746-BAS module, which is programmed using the BASIC language,
has two configurable serial ports for interfacing to computers, modems,
printers, and other RS-232 compatible devices. You can also use it for
off-loading complex math routines from an SLC 500 processor; this
conserves valuable ladder logic memory.

For more information on the 1746-BAS module, see the SLC 500 BASIC
Module Design and Integration Manual, Catalog Number 1746-ND005.



Appendix C

RS-232 Communication Interface

Wiring Connectors for RS-232 To connect Allen-Bradley devices with other devices over RS-232, you must
Communication wire the cable connectors so that communication.can occur through the
cabling, which provide the interface between devices.

Types of RS-232 Connectors

The figure below shows male connectors, and their pinout locations, for
Allen-Bradley modules.

.
O

O

8 fo} 2le S5
15 ° |2
Q Tles i eI
5 9 5 .. 13 8 1e : 22:)
g 8 4|e® |12 T1e ol
7 3 .. 1 5 ° e j18
2 o |V
6 2|g® |10 3 |® el
1 1 :. 9 g .: 15
o _— : é'/.u

0o o)
9—point Connector 15-point Conneclor 25~point Conneclor

(Male) (Male) (Male)
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Channe! 0, which the 5/03 processor has, is configured as DTE. The pinouts

DTE Pinout

are the same as the 9—pin AT port.
OTE 9 pinout Signal is
1 -DCD Data Carier Detect Input
2 -RXD Received Data Input
3 -TXD Transmit‘ed Data Output
4 -DTR Data Terminal Ready Output
5 -COM Common Return (Signal Ground)  Shared
6 -DSR Data Set Ready input
7 -RTS Request to Send Output
8 -CTS Clearto Send Input
9 -NC  No Connection Input

DCE Pinout

Equivalent
DTE 15 pinout

Equivalent
OTE 25 pinout

8

gmm

(2, B~ -t I Y |

22 Rl Ring Indicator

Devices such as a modem are DCE. The pinouts on these terminals are
wired to interface with DTE.

DCE 9 pinout Signal is
1 -OCD Data Carier Detect Output
2 -AXD Received Data Output
3 -TXD Transmitted Data Input

4 -DTR Dala Terminal Ready Input

5 -COM Common Return (Signal Ground) Shared
6 -DSR Data Set Ready Output

7 -RTS Request to Send Input.

8 -CTS Clearto Send Output

9 -Rl  Ring Indicator Output

Equivalent
DCE 25 pinout

8

Am\lgmm

Important: DCE signal names are viewed from a DTE perspective. For
example, TXD is a DTE output and also a DCE input.
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Pin Assignments for Wiring Connectors

Use the following pin assignments to wire the connectors of Allen—Bradley
control devices with modems and peripheral devices that support RS-232
communication. See the table below to find the wiring diagram that you

need.
To 000235:? this To this Device Remarks s;‘;;gis
BM AT Modem Hardware Handshaking Enabled { C—6
Peripheral DTE Hardware Handshaking Disabled | C-6
Modem Hardware Handshaking Enabled | C-7
1747-KE
Peripheral DTE Hardware Handshaking Disabled | C-7
Modem Hardware Handshaking Enabled
1746-BAS
Peripheral DTE Hardware Handshaking Disabled
1770-KF3 Modem Hardware Handshaking Enabled
Modem Hardware Handshaking Enabled
2760-RB
Peripheral DTE Hardware Handshaking Disabled | C-9
Modem Hardware Handshaking Enabled (| C-10
1771-KGM (PLC-2)
Peripheral DTE Hardware Handshaking Disabled | C-10
Modem . Hardware Handshaking Enabled | C-11
1775-KA (PLC-3) - —_
Peripheral DTE Hardware Handshaking Disabled { C-11
Modem Hardware Handshaking Enabled { C-12
PLC-5 (channel 0) —
Peripheral DTE Hardware Handshaking Disabled | C-12
Modem Hardware Handshaking Enabled { C-13
5130-RM (PLC-5/250) —
Peripheral DTE Hardware Handshaking Disabled | C-13
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IBM AT to a Modem (Hardware Handshaking Enabled)

Modem 9P 25Pm
25Pin  9Pin  IBMAT aND T 1
8 1 OCO | oco 1 8
3 2 RXD AXD 2 3
2 3 ™D ™ 3 2
20 4 OTR OTR ‘4 20
7 H COM COM s 7
] 6 OSR OSR 6 6
‘ 7 ATS ATS 7 «
s s cTs c1s s 3
2 9 RI Rl ) 2
(DTE) (DCE)

D Connect 1o the shield of the cable.

IBM AT to a 5/03 Processor, 1770-KF3, 1775-KA, 1773-KA, 5130-RM,
or PLC-5 (Hardware Handshaking Disabled) ®

Dol 9P 25Pin
25Pin 9P BMAT ono® !

2 ) 1 0Cco o) 1 8 )

3 2 RXD ™ 3 2

2 3 ™ RXD 2 3

2 4 OTR OTR 4 20

7 s coM coM 5 7

6 s DSR oSR 6 6
@ ‘ 7 | mrs ATS 7 4 o

E 5 8 cTs cTs 8 3 -_—I
x2 9 Al
(OTE) (DTE)

@ You can also use cable 1747-CP3.
@ Jumpers are only needed if you cannot disable the hardware handshaking on the port
@ Connect 1o the shield of the cable.

C-6
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1747-KE to a Modem (Hardware Handshaking Enabled)

Modem 9Pmn  25Pmn
9Pin  1747-KE GO 1
1 NC DSR 6 6
2 D [ RXD 2 3
3 ™0 @D 3 2
4 OTR OTR 4 20
s coM | coM 5 7
6 OSR oco 1 8
7 ATS RTS 7 4
8 CTS |- cre 8 5
9 NC At 9 2
(DTE) (DCE)

@ Cannect lo the shield of the cable,

1747-KE to a 5/03 Processor, IBM AT, 1770-KF3, 1775-KA, 1773-KA,
5130-RM, or PLC-5 (Hardware Handshaking Disabled) ®

8..,.0."""" 9Pin  25Pin

9Pin  1747-KE GNO 1
1 NC oco 1 ) @
2 | RO ™0 3 2
3 | ™ RXD 2 3
@ +« | Om OTR 4 20
I: 5 | COM | coM 5 7
6 | DsR OSR 6 6
@ 7 | ATs _f nrs 7 4 :] @
s | cts c1s 8 5
s | nc
(DTE) (OTE)

@ You can also use cabla 1747-CP3. .
@ Jumpers are only needed if you cannot disable the hardware handshaking on the port
@ Connect 1o the shiald of the cable.

C-7
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1746-BAS to a Modem (Hardware Handshaking Enabled)

Modem 9Pin  25Pin
9Pin  1745-BAS o) 1
1 NC OSR 6 €
2 RXD RXD 2 3
3 TXO TXO 3 2
< OTR OTR 4 20
s coM CoM s 7
6 DSR [ [+ =] 1 8
7 RTS RTS 7 P
8 CTS = CTs 8 5
9 NC ERED 2
(DTE) (ocy)

@ Connect io the shield of the cable.

1746-BAS to a 5/03 Processor, IBM AT, 1770-KF3, 1775-KA, 1773-KA,
5130-RM, or PLC-5 (Hardware Handshaking Disabled)®

Pophedd 9P 25Pin
9Pin  1746-BAS GNO 1
1 NC NC 1 8
2 RXD |- ™0 3 2
3 O D 2 3
@ 4 OTR DTR 4 20
I: S COM | o] cOM | . & 7
6 DSR “DSR 6 6
2 7 | ATs ATS 7 4
'—_— 8 cTs cTs 8 5
9 NC
{DTE) (DTE)

® Yoy can also use cable 1747-CP3,

D Jumpers are only needed if you cannot disable the hardware handshaking on the port

D Connect io the shield of the cable.

1770-KF3 to a Modem (Hardware Handshaking Enabled)

Modem 9Pin  25Pin

25 Pin 1770-KF3 GND @ 1
8 OCD |- oco 1 8
3 RXD RXD 2 3
2 TXD XD 3 2
20 | DIR DTR 4 20
7 COM COoM 5 7
6 OsR DSR 6 6
4 RTS RTS 7 4
s CTs cTs 8 5
2 | NC RI 9 2

(DTE) (DCE)

@ Connect to the shield of the cable.
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2760-RB to a Modem (Hardware Handshaking Enabled)

Modem 9 Pmn 25 Pin

25Pin 2760-RB o @ 1
1 ano @ oCco 1 8
2 ™0 TXD 3 2
3 RD | AX0 2 3
4 RTS RTS 7 4
s CTS |- cTS 8 5
6 DOSR DSR 6 6
7 COM L COM S 7
20 OTR DTR 4 20
RI 9 22
(DTE) (0CE)

 Connect the shield of tha cable 1o the GND pin on one end only. Leave the other end open.

2760-RB to a 5/03 Processor, IBM AT, 1770-KF3, 1775-KA, 1773-KA,
5130-RM, or PL.C-5 (Hardware Handshaking Disabled) ®

9Pn  25Pin
25Pin 2760-R8 anp 9 1
1 GND pco 1 8 -]
2 ™D RXD 3 2
3 RD | D 2 3
-2 4 ATS OTR 7 4
C s cTs COM. e s
@ 6 | DSR DSR 6 6
[ 7 COM | RTS 5 7 2
2 | OTR CTs 4 20 :]
(DTE) (DTE)

@ You can also usa cable 1747-CP3. -
@ Jumpers are only needed if you cannot disable the hardware handshaking on the port
@ Connect the shield of the cable to the GND pin on one end only. Leave the other and open,
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1771-KGM to a Modem (Hardware Handshaking Enabled)

15 Pin  1771-KGM
1 oNo 9
™0

Modem

9 Pin

25 Pin

ano G

RXD

™D

RTS

RXD

RTS

BlvjO|ln]|ajlw]nN

CcTs
0SR
COM
0CO
DTR

(0TE)

CTs
OSR
COoM
oCco
OTR

Alstrnioojelvwin]w

Rl

©o

BQDNQMAUNA

(0CE)

@ Connect the shieid of the cabla b the GND pin on one end only. Leave the other end open.

1771-KGM to a 5/03 Processor, IBM AT, 1770-KF3, 1775-KA,

1773-KA, 5130-RM, or PLC-5 (Hardware Handshaking Disabled) ®

15Pin  1771-KGM
1 | oD@
™

Peripheral
Device

9 Pin 25 Pin

ano S

[s &0)

AXD |

RXD

RTS
CTs

ol |nl alw]nN

DSR
COoM
oco
DOTR

(OTE)

©  You can also use cable 1747-CP3.

o |lv|loja|ajw{n] -

MAONQNU@A

(0TE)

@ Jumpers are only needed if you cannot disable the hardware handshaking on the port
@ Connect the shield of the cable to the GND pin on one end only. Leave the other end open.



AppendixC -~

RS-232 Communication Interface

1775-KA to a Modem (Hardware Handshaking Enabled)

Modem 9 Pin 25 Pin

25Pn 1775KA GND 1
8 DCO |- DCD 1 L]
3 RXD XD 2 3
2 XD ™D 3 2
20 | OTR OTR 4 20
7 COoM COM s 7
6 OSR  fw DSR 6 6
4 RTS RTS 7 4
s CTs | cTs 8 s
x NC -t Rl 9 x2 .

(OTE) (DCE)

@ Connect to the shield of the cable.

1775-KA to a 5/03 Processor, IBM AT, 1770-KF3, 1773-KA, 5130-RM,
or PLC-5 (Hardware Handshaking Disabled) ©

Perheral
Devios

25Pin 1775-KA oo &

8 Dco

@D

9 Pin 25Pin

»| RXD
OTR
m .
oSk
RTS
cTs

@I N[O A[N|W] -
mamugunn—

]

313|3|%|8|3|8|8|8

Bmhﬂﬂa”ﬂ

(DTE) (DTE)

@ You can akso use cable 1747-CP3. )
2 Jumpers are only needad if you cannot disable the hardware handshaking on the port
D Connect o the shisld of the cable.

C-11
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PLC-5 (Channel 0) to a Modem (Hardware Handshaking Enabled)

Modem 9 Pin 25 Pin

25 Pin PLC-5 (ch. 0) GNO Y 1
8 bCco [v.00] 1 8
3 RXD RXD 2 3
2 XD ™D 3 2
20 DTR DTR 4 20
7 coM | COoM s 7
6 OSR OSR 6 6
4 RTS ATS 7 4
5 CTS |e cTS 8 5
2 | N Al 9 2

(DTE) (DCE)

@ Connect to the shield of the cable.

PLC-5 (Channel 0) to a 5/03 Processor, IBM AT, 1770-KF3, 1773-KA,
5130-RM, PLC-S5, 1747-KE, or 1746-BAS (Hardware Handshaking

Disabled) ®
m" 9Pn  25Pn
° 25 Pin PLC=S (ch. 0) GND 9 1
8 oco DCo 1 8 2
3 RXD ™o 3 2
2 XD RXD 2 3
20 DTR - OTR | 4 20
7 COM CcOoM 5 7
® 6 DSR DSR 6 € o
l: 4 RTS RTS 7 4 :’
5 CTs CTS 8 5
2 | nc
(DTE) (DTE)

® You can also use cable 1747-CP3.
D Jumpers are only needed if you cannot disable the hardware handshaking on the port
D Connect to the shield of the cable.
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5130-RM to a Modem (Hardware Handshaking Enabled)

Modem 9 Pin 25 Pin
25Pin  5130-AM GND 1
8 oco [ 1 8
a3 RO fe RXD 2 3
2 ) ™D 3 2
20 | DTR DTR 4 20
7 COM COM s 7
6 OSR DsSR 6 6
4 RTS RTS 7 4
5 CTs | cTs 8 S
2 | N Rl ] 2 |
(0TE) (DCE)

@ Connect to the shield of the cable.

5130-RM to a 5/03 Processor, IBM AT, 1770-KF3, 1773-KA, 5130-RM,
PLC-5, 1747-KE, or 1746-BAS (Hardware Handshaking Disabled) ®

ecipheral
s«nco

9Pin 25Pn -
° 25Pin  S5130-RM GNO 1
8 oco oco 1 8 -]
3 XD g ™D 3 2
2 ™D RXD 2 3
20 | OTR DTR 4 20
7 CcoM | CcOM s 7
° 6 DSR O$R’ 6 6 o
4 ATS ATS 7 4 D
5 CTs cTs 8 5
2 | NC ]
(0TE) (OTE)

©  You can also use cable 1747-CP3.
D Jumpers are only needed i you cannot disable the hardware handshaking on the port
@ Connect io the shieid of the cabe.



Definition of Key Terms

Module Heat Dissipation:
Calculated Watts vs. Maximum
Watts

Appendix D o

Calculating Heat Dissipation for the SLC 500
Control System

This appendix will assist you in calculating the heat dissipation of your SLC
500 control system. It consists of the following:

¢ (definition of key terms

e table and graphs

o example heat dissipation calculaiion

e heat dissipation worksheet (page D-5)

To select an enclosure for your SLC 500 control system, refer to chapter 1.

The following terms are used throughout this appendix. Familiarize yourself
with them before proceeding further into the appendix. )

Watts per point — maximum heat dissipation that can occur in each field
wiring point when energized.

Minimum watts — amount of heat dissipation that can occur when there is

- no field power present.

Maximum watts — maximum amount of heat that the module generates
with field power present.

There are two ways that you can calculate heat dissipation.

Calculated Watts — if you want to determine the amount of heat generated
by the points energized on your module, use the formula below for
calculating the heat dissipation of each module. Then use these values for
calculating the heat dissipation of your control system, which is done using
the worksheet.

(number of points energized x watts per point) + minimum watls = heat dissipation of module or controller

Maximum Watts — maximum amount of heat that the module generates
with field power present. Use maximum watts especially if you are not sure
how many points on a module will be energized at any time.

Once you have determined which way you will calculate the heat dissipation
of your modules, see the Example Worksheet for Calculating Heat
Dissipation on page D—4. This worksheet shows you how to calculate the

"heat dissipation for the example SLC control system also on page D—4.

Once you feel comfortable with the layout of the worksheet, go to the
worksheet on page D-5 and fill it out for your control system.
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Use this Table to Calculate the
Power Supply Loading

Use the table below to calculate the power supply loading for each chassis

that you have (step 1 of the worksheet).

Component | Numoors | Watsperpoint | MG | MUEm
1747-120A | 0.27 10.5 150
1747-L30A | 027 127 19.2
1747-4L40A | 0.27 14.3 23.0
1747-1208 | 0.27 9.9 17.0
17471308 | 0.27 16 20
17471408 | 027 13.0 270
1747420C | 0.20 17.4 21.0
1747-L30C | 0.20 18.7 24.0
1747-L40C | 0.20 19.9 270
174741200 | 0.20 12.4 19.0
17474300 | 020 139 230

Fixed 1747420 | 0.20 126 18.0

Controllers | 1747-L40E | 0.20 16.0 27.0
1747-L20F | 0.20 5.0 9.0
1747-L40F | 0.20 74 15.0
1747-20G | 0.20 44 10.0
1747420 | 0.20 12.1 18.0
1747-30L | 020 140 230
1747-140L [ 020 16.0 270
1747420N | 0.20 4.4 10.0
1747420P | 0.35 8.8 17.0
1747-L30P | 0.35 105 230
1747-L40P | 0.35 116 28.0
1747420R | 0.35 105 16.0
1746~1A4 0.27 0.175 1.30
1746-1A8 0.27 0.250 2.40
1746-1A16 0.27 0.425 480
1746-1M4 0.35 0.175 1.60
1746-IM8 0.35 0.250 3.10
1746-IM16 | 0.35 0.425 6.00

Input 1746188 0.20 0.250 1.90

Modules 1746-1B16 0.20 0.425 360
1746-1B32 0.20 0.530 6.90
1746-1V8 0.20 0.250 1.90
1746-IV16 0.20 0.425 3.60
1746-1V32 0.20 0.530 6.90
1746-1G16 0.020 0.700 1.00
1746-IN16 0.35 0.425 6.00
1746-OA8 1.00 0.925 9.00
1746-0A16 | 0.462 1.85 9.30

Output 1746-08B8 0.775 0.675 6.90

Modules 1746-0B16 | 0.338 1.40 7.60
1746-0B32 | 0.078 226 480
1746-OV8 0.775 0.675 6.90
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et | Moo, | Wattsperpoint | MEIIm | Mt
1746-OV16 | 0.388 140 760
1746-0V32 | 0.078 226 4.80
1746-0W4 | 0.133 131 1.90
Output 1746-OW8 | 0.138 259 370
Modules ‘
1746-OW16 | 0.033 517 570
174608 | 0.825 259 8.60
1746-0G16 | 0.033 0.900 1.50
1746-104 g%a —ﬁr'm‘b .| ot 1.60
lc?putﬂuf 1746408 | 027 —perinputpl. |, 49 3.00
Modules 0.133—pef output pt. ’ .
g0tz | 02 —psg:nfmutp&('pl. 2.13 460
T746-N4 | NA 217 22
1746-NIO4I | NA 376 38
1746-NI0&V | NA 3.04 31
_ 1746-NO4l | NA 4.9 50
srecaly 746 N0 | NA 378 38
1746BAS | NA 375 38
1747DCM | NA 18 18
1747-0SN__ | NA 45 45
1747KE NA 375 38
1747-AC | NA 20 20
SRR N ——
Devices Series A& B NA 25 25
1741-PIC | NA 20 20

NA — Not Applicable
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Example Heat Dissipation If your controller consisted of the following hardware components, you
Calculation would calculate heat dissipation as shown in the example worksheet below.
Lo Hardware
i Components Catalog Number | Minimum Watts | Maximum Walts
&D E Fixed Controller 1747-20A 10.5 15.0
Input Module 1746-1A16 0.425 48
E
o S ] Output Module 1746-0A16 1.85 9.3
Peripheral Device | 1747-DTAM 25 25
()
el — Example Worksheet for Calculating Heat Dissipation
o o7 Y 23]
et (@) Procedure Heat Dissipation
— 1. Calculate the heat dissipation for your fixed controller.

Wiite in the watls (calculated watts or maximum watls, see page D-1)
dissipated by the controller, /O and specialty modules, and peripheral
devica attached to the controller. Add these values together.
. Catalog Number Heat Dissipation
Fixed Controller £ 2OA /s

Expansion Chassis

Slot 1 (i applicable) /A/dp 4.8
Slot 2 (i applicable) O/ L. 9.3
Peripheral Device D7 4/’/ 35—

Tota: 3/ &
Place Total on this Line—> | 3/, é w

2. Convert to BTUs/hr. Multiply the total heat dissipation of your SLC x 3414
500 fixed control system by 3.414,

Total heat dissipation of the SLC 500 control system: 107. 7 sTusite

D4
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Wor kSl:lee.t for Calculating Use this worksheet to calculate the heat dissipation for your fixed controller.
Heat Dissipation

Procedure Heat Dissipation
1. Calculate the heat dissipation for your fixed controtler.

Write in the watts (calculated watts or maximum watts, see page D—1)
dissipated by the controller, I/0 and specialty modules, and peripheral
device attached to the controlier. Add these values together.
Catalog Number  Heat Dissipation
Fixed Controller
Expansion Chassis
Slot 1 (if applicable)
Slot 2 (if applicable)

Peripheral Device

Total:
Place Total on this Line —> w

2. Convert to BTUS/I. Multiply the total heat dissipation of your SLC - x 3.414
500 fixed control system by 3.414.

Total heat dissipation of the SLC 500 control system. BTUs/hr

D-5
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Appendix

Wiring and Circuit Diagrams and Voltage
Ranges for Your Fixed Controller

This appendix covers the following for your fixed controller.
e wiring diagrams

e circuit diagrams

e voltage ranges

The following table provides an explanation of the symbols used in the _
wiring diagrams. The symbols do not indicate the only type of I/O devices
that can be connected, but rather a “typical” device. As long as your I/O
device meets the I/O circuit specifications, it should be compatible.

Represents Typical
Input Device
Mechanical

0L | swich

This Symbol

@_ Solid-state
. switch

: Represents Typical
This Symbol Output Device

_/\/_ Solenoid
Control relay

The connections illustrated in the wiring diagrams are shown for example

purposes only.

* You can connect I/O devices in any order to the I/O circuits. If you are
not going to load all of your circuits, space the connections evenly apart
to help in heat dissipation. ‘

¢ All the input circuits on any one fixed controller are the same with one
exception: input 0 is unique for all fixed controllers which have 24 VDC
input circuits. In this case, input O can be used as a high—speed counter.
The diagrams in this appendix show the differences in operating
characteristics.

¢ All the output circuits on any one fixed controller are the same.

In the wiring diagrams for the fixed controller with 24 VDC input circuits

~and 120/240 VAC line power, the User Power Source (terminals next to

Power Supply terminals — “PWR OUT 24 VDC” and “PWR OUT COM",
is shown to power some input devices. This is optional. The User Power
Source can provide up to 200mA at 24 VDC for input devices.
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AppendixE - ' :

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller '

Wiring and Circuit Diagrams  Use the table below to locate the appropriate wiring and circuit diagrams and
and Voltage Range Locations  voltage ranges.

Input On/off Output | Operating

rf alagorg Description® Dwairing Circuit Slate Circuit Voltage
umbers 1agram Diagram | Voltage | Diagram Range
{12) 120 VAC Inputs and (8) 2 - . -~
1747-L20A Relay Outputs E-4 E-5 E-5 E-5 E-5
(12) 120 VAC Inputs and (8) X 3 2 .
1747208 Triac Outputs E-6 E-7 E-7 E-7 E-7
(12) 24 VOC Sinking Inputs, -
1747-20C High-Speed Counter input E-8 E-9 E-9 E-10 E-10
and (8) Relay Outputs
(12) 24 VOC Sinking Inputs,
1747-L20D High-Speed Counter Input E-11 E-12 E-12 E-13 E-13
and (8) Triac Outputs
(12) 24 VDC Sinking Inputs,
High-Speed Counter input 2 _ -~
1747-L20E and (8) Transistor Sourcing E-14 E-15 E-15 E-16 E-16
Cutputs

(12) 24 VDC Sinking Inputs, . )
1747-20F High-Speed Counter fnput E-17 E-18 E-18 E-19 E-19
and (8) Relay Outputs
(12) 24 VDC Sinking Inputs,
High—Speed Counter Input = : . 3 .
and (8) Transistor Sourcing E-20 E-21 E-21 B2 B2
Outputs
*{12) 24 VDC Sourcing Inputs, I _
High~Speed Counter Input 2 2 | e - -
and (8) Transislor Sinking E-23 E-24 E-24 E-25 E-25
Outputs
{12) 24 VDC Sourcing Inputs,
1747420n | High-Speed Counterlnput | ¢ o6 | g7 | g27 | E28 | E28
and (8) Transistor Sinking
Qutputs

17474.20P (T‘n?gf(“)?n‘;ﬁg Inputs and (8) | £ g £-30 E-30 E-30 £-30

1747-20r | (Q240VACInpuisand (8) | ey | gap | ez | B2 | e32
Relay Outputs

(18) 120 VAC Inputs and (12)

Relay Outputs

(18) 120 VAC Inputs and (12) | . . - - .

Triac Outputs E-35 £-36 E-36 E-36 E-36
(18) 24 VDC Sinking Inputs, :
1747-L30C High-Speed Counter Input E-37 E-38 E-38 E-39 E-39
and (12) Relay Outputs

(18) 24 VDC Sinking Inputs,
1747-L30D High-Speed Counter Input E-40 E-41 E-41 E-42 E-42
and (12) Triac Outputs

{18) 24 VDC Sourcing Inputs,

High-Speed Counter Input _ -~ _
and (12) Transistor Sinking E~43 B4 E-44 E-45 E-45

Outputs

Qﬂ?czéﬁtgﬁg mputsand (12} | e 46 | E47 | E47 | E47 | E-@

g;’a;zgu:’:u?s'”p‘"s and(16) | £43 | E49 E-49 E-49 | E-49

1747-20G

1747-L20L

1747-L30A E-33 E-34 E-34 E-34 E-34

1747-1308

1747-L30L

1747-L30P

1747-1L40A
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Appendix E

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller

Input on/oft Output | Operating

Catalog Description® oind | Circuit | State | Circuit | Voltage
Numbers 1agram } niagram | Voltage | Diagram |  Range
(24) 120 VAC Inputs and (16) | ¢_ 3 ¥ g 3
1747-1408 Triac Outputs E-50 E-51 E-51 E-51 E-51
(24) 24 VDC Sinking Inputs,
1747440C | High-Speed Counter Input | E-52 E-53 E-53 E-54 E-54
and (16) Relay Outputs
(24) 24 VDC Sinking Inputs,
High-Speed Counter Input _ u _
1747-L40E and (16) Transistor Sourcing E-55 E-56 E-56 E-57 E-57
Outputs

(24) 24 VOC Sinking inputs,
1747-L40F High-Speed Counter Input E-58 E-59 E-59 E-60 E-60
and (16) Relay Outputs

(24) 24 VDC Sourcing Inputs,

High-Speed Counter input
1747-L40L and (16) Transistor Sinking E-61 E-62 E-62 E-63 E-63

Outputs

1747-L40P (Tzﬁ‘gfo‘“’lv"g Inputsand(16) | £ 64 | Eg5 |E65 |E65 |E-65

©  Refer to page 1-5 for fine power specifications.
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AppendixE R

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controlter

Catalog Number 1747-L20A  Wiring Diagram
(12) 120 VAC Inputs & (8) " I )

Relay Outputs U g ossvaCor L U sasvacar
la—— 5-125VDC pt——— 5-125VDC

VAC- |OUTO |OUT 1 |OUT 2 |OUT 3 |[VAC- |OUT 4 |OUT S JOUT 6 {OUT 7
VOC 1 vDC2

H) (Lo (Lo) (H.)
L1 L2 L2
f#————————— 85-132VAC

Gh 4k

120/240iVAC |[NOT {AC lN9 INH
‘[VAC  INEUT |USED |COM ' .

CHASSIS INOT  JAC A JINO  |IN2  fIN4 |IN6 [INE8 ]IN10

S lysep |coM,

= b b8 ¢

=Y iy y oy

® 7he outputs are isolated in groups as shown. Therefore, different voltages can be applied lo each group as the
spedific application requires.

E—4



Appendix E

Wiring and Circuit Diagrams and Voltage Ranges

for Your Fixed Controller

Input Circuit Diagram

270 1870

ACCOM D«

On/Off State Voltage Ranges

OVAC mEAC 85VAC 7 132VAC
T 7 7 4 PN .
L ssaNa st /)] On-state
~ Output Circuit Diagram
\ —e . C VAGVDC
[jll:l C.
| ST
N
Ifll] C
1——0 out
Operating Voltage Range
0V 5VAC 265 VAC
oV S§VOC 125V0C
7 /: Recommended Operating Range
Operation Not
Guaranteed

E-5



E-6

Appendix E )
Wiring and Circuit Diagrams and Voltage Ranges

for Your Fixed Controller

Catalog Number 1747-L20B  Wiring Diagram

(12) 120 VAC Inputs & (8) Triac _ .

Outputs i o 5
[— 85-265 VAC O [— 85-265 VACG)

VAC 1 JOUT 0 fOUT 1 {OUT 2 [OUT 3 {VAC 2 {OUT 4 |[OUT 5 [OUT 6 JOUT 7

(H) (o) (Lo) (Hi)
Lt L2 L2 L

9 ;? : j’; ;r‘

1
120240{VAC  INOT {AC N1 IN3  JIN5S JINT JIN9 ]JINTI
VAC [NEUT |USED jcCOM

ciasssINOT  JAC AfINo~ N2 [N [N N8 [INTO
GND lUSED |COM ,

= T/ @ 0 0 0 o

==Y Y Y Y Y Y

The outputs are isolated in groups as shown. Therelore, different voltages can be applied to each group as the
spedific application requires.

[



Appendik E

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller

Input Circuit Diagram

270 1870
AC COM |—
h el ﬁq [
O3uP —
IN
270 1870

AAA
03P }—

IN D—hL !

On/Off State Voltage Ranges

0VAC 30 VAC 85VAC 132VAC

V0, munsaeNabaansd 77/ On-state

Output Circuit Diagram
- * ’ J U
[ ~
* <J o
AL ,

P

Operating Voltage Range

0 VAC 85VAC 265 VAC

/ 6perauon flof Guaranteed” / Recommended Operating Range

//‘I/‘////I//

Important: i you measure the voltage at an output terminal that is not connected 1o a load or is connecled to a hngh—«mpedanc
load, you may measure as much as 100 VAC even though the output is off. T
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Appendix E T .

Wiring and Circuit Diagrams and Volfage Ranges
for Your Fixed Controller

Catalog Number 1747-L20C  Wiring Diagram
(12) 24 VDC Sinking Inputs,
High-Speed Counter Input &
(8) Relay Outputs

(HI (L) (H) (Lo)
L1 L2 R (2

§-265 VAC
5-125 YDC ®

§-265 VAC
§-125 VOC ®

VAC- |OUT 0 JOUT t JOUT 2 JOUT 3 [VAC- [OUT 4 JOUT § JOUT 6 jOUT 7
VOC i vbC2 A

(H) (o)
u L2

“~- - - } - - Sourcing Device

120/240{VAC | PWROUT J0C IN1 IN3 JINS JIN7 |INS {INU
VAC |NEUT }+24VDC@))COM

cuusss TPWROUTIDC KJNo N2 [iN4 [INe [IN8  [iN10
GND'  tcOM@ JCOM, |HSC : o

= LRI SN S S

Intemally

D The oulputs are isolated in groups as shown. Therelore, different voltages can be applied to each group as
tha specific application requires.
D 24 VOC, 200mA user power is available for sensors.



AppendixE

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller

Input Circuit Diagram

360 560

seae -
Cad

OTHER
INPUTS

On/OfT State Voltage Ranges — Input 0 (HSC)

ovbe 4VDC 10VDC 30vDC

Input State Not
Guaranteed

On/Off State Voltage Ranges — All Other Inputs

ovoe §VDC ovoc o 30V0C

A, ' On-state

input State Not
Guaranteed
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Appendix E

Wiring and Circuit Diagrams and Voftage Ranges
for Your Fixed Controller

Output Circuit Diagram

4 <] vacvoc
L1
I——C out

.~
"’

))

=R

Operating Voltage Range

L o

0V 5VAC 265 VAC
oV 5VDC N - 125VDC
, Recommended Operating Range
Operation Not
Guaranteed
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Y\ Appendix E

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller

Catalog Number 1747-L20D Wiring Diagram
(12) 24 VDC Sinking Inputs,

High-Speed Counter Input & (0 Lo 00 &)
(8) Triac Outputs Le— 8s-265vac @ e— ss5-265vac @
@ @ e @

VAC 1 JOUT 0 {OUT 1 JOUT 2 [OUT 3 [VAC 2 JOUT 4 JOUT 5 {OUT 6 {OUT 7

(H}  (Lo)
L1 L2

‘¢ - - } - - Soucing Device

INT JIN3 JINS JIN7 JIN9  [INT1

Cussis IPWROUTIOC A 1IN0 JIN2  fIN4  JIN6 ]IN8 IN10

® me outputs are isolated in groups as shown. Theretore, different voltages can be applied to gach group as
the specific application requires.
D 24 VDC, 200mA user power is available for sensors.
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Appendix E 7
Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Contraller

Input Circuit Diagram

560 560
INPUTOQ
(HSO
P
OTHER 2
INPUTS
cov  [O>

On/Off State Voltage Ranges — Input 0 (HSC)

0VDC 4VDC 10VDC 30vDC

| YA On-state

Input State Not
Guaranteed

On/Off State Voltage Ranges — All Other Inputs

0VDC " sVDC 10VDC ' . 30V0C

////A \ ' kOn—stale

Input State Not
Guaranteed
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Output Circuit Diagram

Appendix E

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller

>—9 J v
g},x%z;
< <J o7
—~
. <3 o
Operating Voltage Range
0VAC . 85VAC 265 VAC
P77 2.2 277777 . 7
V I Z )ml %0(, Z IJEOI(/A Mmm Wmng Range }

lrlponar.ut: Hyoumeawramevdlageatanmﬂputiain&\alhatisnotcamctedmabadoriscomectedtoahigh-impedance
load, you may measure as much as 100 VAC even Mhﬁ\eoumutisoﬁ.
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Appendix E

Wiring and Circuit Diagrams and Voftage Ranges
for Your Fixed Controller

Catalog Number 1747-L20E ~ Wiring Diagram

(12) 24 VDC Sinking Inputs,

High-Speed Counter Input & +pe S ¥
(8) Transistor Sourcing
Outputs

5
.
o
S
8

vDC |OUT O JOUT 1 JOUT 2 JOUT 3 JOUT 4 |OUT

H) (o)
Lt L2

85-265

<~ ~ - t -~ - Sourcing Devica

N1 JiIN3 JINs [iIN7 |INg  JINt1

INO JIN2 |IN4 JIN6 |INB |JINTO

© 24 vDC, 200mA user power is available for sensors. -
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Appendix £

Wiring and Circuit Diagrams and Valtage Ranges
for Your Fixed Controller

input Circuit Diagram

560 560
IN
QHSC

IN
OTHER
INPUTS

COM

On/OfT State Voltage Ranges — Input 0 (HSC)

ovDoe 4V0C 10VDC 30VDC

8,77 oo

Input State Not
Guaranteed

On/OfT State Voltage Ranges — All Other Inputs

ovoc 5VDC ovoe . 30VDC

/// // ' On-state

Input State Not
Guaranteed
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Appendix E

Wiring and Circuit Diagrams and Voltége Ranges
for Your Fixed Controller

Output Circuit Diagram

-~ ¢ <] voC

PR

G ouT

s
\
{

PR

T <J ocoom

Operating Voltage Range

ovDC 10VDC 50VDC
e e N 777/, e
Operation Not .
Guaranteed
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Catalog Number 1747-L20F
(12) 24 VDC Sinking Inputs,
High-Speed Counter Input &
(8) Relay Outputs

Appendix E

Wiring and Circuit Diagrams and Voltage Ranges
for Your Fixed Controller

Wiring Diagram
(Hi) (o) (W) (Lo)
LI 5 o65VACor L U sossvaCa
e— 5-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>